
FACTORS INFLUENCING THE UTILIZATION OF WOODY PLANTS AND

FORBS BY UNGULATES

Susan Margaret Cooper

'A thesis sutmitted to the Faculty of 
Science, University of the Witwatecsrand, 
Johannesburg, in fulfilment of the 
requirements for the degree of Doctor of 
Philosophy'

Johannesburg 1985 ( PART I : Chapters 1 to 5 )



li

ABSTRACT

The objective of this study was to determine the chemical, 
physical and phenologfcal factocs influencing the patterns of 
utilization experienced by diff-rent species of woody plants and 
forbs by browsing ungulates.

Field work was carried out in the Nylsvley Nature Reserve. 
Observations were made on hand-reared kudus, impalas and goats 
ranging freely in a 213 hectare enclosure. The feeding behaviour 
of a focal animal was recorded verbally on a tape-recorder, while 
the plants available were recorded along the path of movement of 
this animal. Plant samples were analysed quantitatively for 
nutrients, fibre constituents and polyphenols, and for the 
presence or absence of potential toxins, using standard 
techniques. The acceptance of plant species was assessed by the 
ratio number of plants eaten / number encountered. Statistical 
procedures entailed least squares correlations for single factors, 
principal Components .',1scriminant Function analyses.

The following correlations between acceptance and chemical 
factors were found:- .
1. For woody plants there was no significant correlation with leaf 

nitrogen, except for kudus for the early growing season.
2. The only correlations with mineral nutrients were for 

phosphorus Cor kudus in the early growing season and for 
magnesium for all the animals in the dry season.



3. One nutrient rich species dominated the correlations for forbs, 
otherwise there were no significant correlations with 
nutrients.

4. There were no significant correlations with fibre components, 
except for a negative relationship with NDP and adf for kudus 
In the late dry season.

5. There were no correlations with total polyphenols apart £ run a 
weak positive correlation Cor impales.

6. Overall correlations with condensed tannins were not 
significant, but all plants containing more than 5% 
ccncentratiun showed low acceptances,

?. No influence by plant toxins was detected.
Acceptances were not correlated to bite sizes or rates of food 
intake achieved.

Discriminant Function analysis distinguished between preferred 
and fion-preferced woody plants on the basis of nitrogen plus 
condensed tannin contents. The first principal Components axis was 
based on concentrations of nutrients versus fibre and condensed 
tannins.

Findings suggest that high contents of condensed tannins, but 
not other polyphenols, are a feeding deterrent, with nutrient and 
fibre concentrations being of secondary importance, structural 
deterrents modify food preference by limiting intake rates. The 
functional effect of condensed tannins is postulated to be to 
restrict microbial fermentation of cell wall tissues. Thus, 
through the effect on the symbiotic microflora in the rumen, plant 
species rich in condensed tannins may be of low digestibility to 
ruminant browsers.
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PREFACE

Previous studies on the utilization of vegetation by large 
ungulates have commonly focussed on the selection of plant species 
without considering the underlying factors governing this 
selection. Wher* plant chemistry has been considered, the scope 
has been restricted to contents of crude protein and some of the 
mineral nutrients. No previous study in Southern Africa has 
covered the complete range of nutrient, fibre and secondary 
chemical concentrations in plant tissues that could influence 
patterns of food selection, nor have the effects of physical 
structures such as thorns been considered quantitatively.

This study was carried out under the auspices of the South 
African Savanna Ecosystem Project. From an ecosystem perspective 
the need was to understand the factors confcolling the consumption 
of particular vegetation components by large herbivores. The study 
was undertaken with a companion project by R.N. Owen-Snith 
investigating the diet selection strategies of ungulates in 
response to vegetation conditions.

The purpose of this study was thus to record the patterns of 
selection of particular vegetation components by representative 
species of ungulate, and to relate measures of food preference for 
particular species to the chemical and physical properties of 
these species.
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LIST OF ABBREVIATIONS 
Through out the thesis the following abbreviations are used 
figures to denote plant species namess-

2. Woody P2ants 
AN = Acacia nilotica 
AT * Acacia tortilis 
BA = Butrkea africana 
CM * Combretum roolle 
EC * Dichrostachys clnerea 
DR * Dombeya rotundifo21a 
EN * Suclea natalensis 
GF = Grewia flavescens 
OP - Ochna pulchra 
PA = Peltophorum africanum 
RL * Rhus leptodlctya 
SP ■ Strychnos pungens 
TS * Temlnalia sericea 
VR ® Vitex rehmannil

2. Porbs
£A » Evolvulus alsinoides 
W7 a Hermannia grisea 
IM » Indigofer.* macra 
OF « justicla Slava 
OH a Oldenlandia berbacea 
PO « Pollichia campestris 
SI * Sida cordifolia 
SO " Solanum panduraeforme 
TF » Tephrosia forbeaii 
WI *« Waltheria indica
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îbre in the Leaves of Mwdy Plants throughout the 
Year

5.16. Changes in the Concentration of Neutral Detergent 
Fibre minus Acid Detergent Fibre in the Leaves of 
Woody plants throughout the Year

5.17. Changes in the Concentration of Acid Detergent 
Fibre minus Acid Detergent Lignin in the Leaves of 
Woody plants throughout the Year

5.18. Changes in the Concentration of Acid Detergent 
Lignin minus Acid Detergent Ash in the Leaves of 
Woody plants throughout the Year

5.19. Changes in the Concentration of Neutral Detergent 
Fibre in Whole Forbs throughout the Year

5.20. Changes in the Concentration of Neutral Detergent 
Fibre minus Acid Detergent Fibre in Whole Forbs 
throughout the Year

5-40c 

5-4 la 

5-41C 

5-4 ie 

5-42a 

5-4 2c

5-44a

5-45a

5-46a

5-47a 

5-4 9 a

5-49c



5.21. Changes in the Concentration of Acid Detergent 
Fibre minus Acid Detergent Lignin in Whole Forbs 
throughout the Year

5.22. Changes in the Concentration of Acid Detergent 
Lignin minus Acid Detergent Ash in Miole Forbs 
throughout the Year

5.23. The Relationship Between Nitrogen and Fibre 
Concentrations in Mature Leaves of Woody Plants

5.24. Changes in the Concentration of Enzyme-inhibiting 
polyphenols in the Leaves of Woody plants throughout 
the year

5.25. Changes in the Concentration of Ether-extractable 
Materials in the Leaves of Woody Plants throughout 
the year

5.26. Changes in the Concentration of Enzyme-inhibiting 
Polyphenols in Whole Forbs throughout the Year

5.27. Changes in the Concentration of £ther-extractable 
Materials in Whole Forbs throughout the Year

6.1. The Size Distribution of tfte Woody Plants 
Encountered by the Kudus, Impalas and Goats

6.2. The Size Distribution of Woody Plants Relative to 
Acceptance and Utilisation by Browsing ungulates

6.3. The proportions of Leaf and shoot Bites Taken by 
Kudus,Impalas and Goats

6.4. The Relation Between the Bite Size Achieved by 
Browsing Ungulates and the Rate of Food intake

6.5. The Relation Between the Acceptance of Vfoody plant



xjcv i

6.6.

6.7.

6.8.

6.9.

6 .10. 

6 .11. 

6 .12.

6.13.

6.14.

Species in the Late Growing Season and the Bite Size
Achieved by Browsing Ungulates
The Relation Between the Biting Rate Achieved by
Browsing Ungulates and the Rate of Intake of hbody
Plants
The Relation Between the Biting Rate Achieved by
Browsing Ungulates and the Rate o£ Intake of Focbs
The Relation Between the Acceptance of Forb
Species in the Late Growing Season and the Biting
Rate Achieved by Browsing Ungulates
Itie Relation Between the Acceptance of Woody plant
Species in the Late Growing Season and the Biting
Rate Achieved by Browsing Ungulates
The Relation Between the Bite Size and Biting
Rate Achieved by Browsing Ungulates when Feeding on
Woody Plants
The Relation Between the Acceptance of Woody 
Plant Species and the Rate of Food Intake Achieved 
by Browsing Ungulates
The Relation Between the Acceptance of Forb 
Species and the Rate of Food Intake Achieved By 
Browsing Ungulates
The Relation Between the size of the Leaves and 
the Ratio of Leaf to stem Tissue in the Shoots of 
Woody Plants
The Relation Between the Acceptance of Woody 
Plant Species and the Average Weight of Individual 
Leaves

6-6e

6-7c

6-7d

6-7e

6-7f

6-8a

6-8b

6-10b

6-10e

6-1 la



6.15.

6.16.

6.17.

7.1.

7.2.

7.3.

7.4.

7.5.

7.6.

7.7.

7.8.

7.9.

The Relation Between Acceptance and the Ratio of 
Leaf to Stem Tissue In the shoots of Woody Plants 
The Relation Between the Rate of Food Intake and 
the Average Weight- of individual Leaves of Woody 
plants
The Relation Between The Rate of Food Intake 
achieved and the Ratio of Leaf to Stem Tissue in the 
shoots of Woody Plants

The Acceptance of Woody Plant Species in Relation 
to the Concentration of Nitrogen in the Leaves 
The Acceptance of Woody plant Species in Relation 
to the Concentration of. Phosphorus in the Leaves 
The Acceptance of Woody Plant Species in Relation 
to the Concentration of Potassium in the Leaves 
The Acceptance of Woody Plant Species in Relation 
to the Concentration of Calcium in the Leaves 
The Acceptance of Woody Plant Species in Relation 
to the Concentration of Magnesium in the Leaves 
The Acceptance of Woody Plant Species in Relation 
to the Concentration of Sodium in the Leaves 
The Acceptance of Woody Plant Species in Relation 
to the Concentration of Moisture in the Leaves 
The Acceptance o£ Forb Species in Relation 
to the Concentration of Nitrogen in Whole plants 
The Acceptance of Forb Species in Relation to the 
Concentration of Phosphorus in Whole 
Plants

6-llg 

6-llj

7-7 a 

7~9a 

7-10a 

7-12a 

7-13a 

7-lSa 

7-16a 

7-19a

7-21a

6-lld



xxviii

7.10. The Acceptance of Fotb Species in Relation to the 
Concentration of Potassium in Whole Plants

7.11. The Acceptance o£ Fotb species in Relation to the 
concentration of Calcium in Whole Plants

7.12. The Acceptance o£ Forb species in Relation to the 
concentration of Magnesium in Whole Plants

7.13. The Accept*>ce of Forb Species in Relation to the 
Concentration of Sodium in Whole plants

7.14. The Acceptance of Porb Species in Relation to the 
concentration of Moisture in Whole Plants

7.15. The Acceptance of Woody Plant species in Relation 
to the Concentration of Neutral Detergent Fibre in 
the Leaves

7.16. The Acceptance of Woody Plant species in Relation 
to the Concentration of Acid Detergent Fibre in the

7.17. The Acceptance of Woody Plant Species in Relation 
to the Concentration of Neutral Detergent Fibre 
minus Acid Detergent Fibre in the Leaves

7.18. The Acceptance of Woody Plant species in Relation 
to the Concentration of Acid Detergent Fibre minus
Acid Detergent Llgnin in the Leaves

7.19. The Acceptance of Woody plant species in Relation 
to the Concentration of Acid Detergent Lignf.n minus 
Acid Detergent Ash in the Leaves

7.20. The Acceptance of Forb Species in Relation to the 
Concentration of Neutral Detergent Fibre in Whole 
Plants



xxix

7.21. The Acceptance of Forb Species in Relation to the 
Concentration of Acid Detergent Fibre In Whole 
plants 1

7.22. The Acceptance of Forb Species In Relation to the 
Concentration of Neutral oefcergent Fibre minus Acid 
Detergent Fibre in Whole plants ‘

7.23. The Acceptance of Forb Species in Relation to the 
Concentration of Acid Detergent Fibre minus Acid 
Detergent Lignin in Whole Plants ~i

7.24. The Acceptance of Forb Species in Relation to the 
Concentration of Acid Detergent Lignin minus Acid 
Detergent Ash in Whole Plants '

7.25. The Acceptance of Vfoody Plant Species in Relation 
to the concef -:ration of Ether-extractable Fats and 
Resins in the leaves *1

7.26. The Acceptance of Woody Plant Species in Relation
to the Concentration of Enzyme-inhibiting polyphenols 
in the Leaves '

7.27. The Acceptance of Woody Plant Species in Relation 
to the Concentration of Condensed Tannin 
(Proanthocyanidin) in Mature Leaves i

7.28. The Acceptance of Forb Species in Relation to the 
Concentration of Ether-extractable Fats and Resins
in Whole Plants "

7.29. The Acceptance of Forb Species in Relation to the 
Concentration of Enzyme inhibiting Polyphenols in 
Whole Plants 1



XXX

a.i. Discriminant Function Analysis : The Acceptance of 
Woody plane Species in Relation to the Canonical 
Values with Mature Leaf Nitrogen and Condensed 
Tannin (Proanthocyanidin) Concentrations 8S the 
Variables

8.2. Discriminant Function Analysis : The Acceptance of 
Woody plant Species in Relation to the Canonical 
Values with Mature Leaf Nitrogen, Condensed Tannin 
(Proanthocyanidin) and Acid Detergent Fibre 
Concentrations as the Variables

9.3. Discriminant function Analysis : Hie Acceptance of 
Woody plant Species in Relation to the canonical 
Values with Rate of Intake of Nitrogen and Condensed 
Tannin (Proanthocyanidin) from Mature Leaves as the 
Variables

8.4. The Relation Between Condensed Tannin 
(proanthocyanidin) and Nitrogen Concentrations In 
the Mature Leaves of Woody plant Species

8.5. The Relation Between Phenolic Constituents and 
Neutral Detergent Fibre Concentrations in the Mature 
Leaves of Woody plant species

3.6. Principal Components Analysis of Woody Plant 
Species According to the Concentrations of Chemical 
Components in the Mature Leaves

8.7. Principal Components Analysis o£ Forb Species 
According to the Concentrations o£ Chemical 
Components in the Blowering plants



xxxi

LIST OP APPENDIXES

The Composition of Epol Antelope Cubes
The Composition of the Mineral Lick
The Proportions o£ the Major Vegetation Components
in the Diets oC Browsing Ungulates
Species of Forbs Encountered but Not Seen to be
Eaten during the Recording Sessions
Availability of Leaves and Twigs of Woody plant
Species within Reach of Browsers
ft Comparison oE the Concentrations of Ttotal
Polyphenols Measured in the Mature Leaves of Woody
Plants by the jerumanis and Folirr-Denis Methods
The Effect of Different Drying Techniques and
Solvents on the Measurement of Condensed Tannin
(Proanthocyanidin)
Plant Secondary Compounds Reported for Plant Species 
in the Study Area 
Multivariate Statistics
Checklist of the Browse Plants Occurring within the 
Enclosure for the Tama Animals at Nylsvley



1-1

CHAPTER 1.
INTRODUCTION

Large herbivores appear to be surrounded by a superabundance of 
food, yet only a small fraction of the dicotyledonous browse is 
eaten, and even then the use of browse species varies seasonally. 
This study was initiated in order to discover what chemical and 
structural attributes of a plant determine whether or not it is 
eaten by browsing ungulates.

Browse plants contain not only nutrients and fibre, but also a 
diverse array of secondary compounds. These compounds were so 
named because no primary metabolic funct 'n could be attributed to 
them (Sachs 1875, Fraenkel 1959). Numerous physiological functions 
have been suggested for these compounds (Seigler & Price 1976, 
Chew & Rodman 1979), but many plant secondary compounds appear to 
have an ecological role in defending the plant against attack by 
pathogens and herbivores (Rosenthal & Janzen 1974).

It has been suggested that the chemical defences of plants 
evolved primarily against microbial pathogens and insects, the 
vertebrate herbivores being innocent victims of this evolutionary 
"arms war” (janzen 1978). However in ecosystems such as savannas, 
where the browsing pressure Cron vertebrates is historically high, 
plants are likely to have evolved defences directed at vertebrate 
herbivores (Brown i960, janzen 1978).
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Whether or not plant defences are directly aimed at large 
herbivores the animals must still evolve methods of circumventing 
these defences, either through avoidanr® or detoxification, if 
they are to survive.

Many studies describe the species selection of browsing 
mammals in specific habitats but without investigating the 
underlying reasons for the selectivity of feeding observed. The 
work that has been done on plant chemistry in relation to species 
selection by browsers has mainly considered non-riminant animals 
such as hares (Bryant 1981, Sinclair & Snlth 1984) and primates 
(Milton 1975, Oates et. al. 1980, Glander 1981). Hie only studies 
on ruminant browsers consider deer in north America (Radwan & 
Crouch 1974, vangilder et. al. 1982) and caribou in Alaska 
(Kuropat & Bryant 1980).

The number and diversity of ruminant browsers is greater in 
Africa than on any other continent but, as yet, there has been no 
detailed investigation of the chemical and structural attributes 
of the plants which may be responsible for determining the 
consumption of browse plants by both wild and domesticated 
browsing ungulates in Africa (Bell 1982).

In this study it is hoped to determine the nutritive and 
defensive characteristics of selected savanna plants and relate 
these to the degree and pattern of utilisation of these plants by 
common species of browsing ungulates.



2-3

As a basis for the study thr«ie major hypotheses were developed 
from the current practical and theoretical literature on the 
subject.

The hypotheses underlying this study are:-

1. Browse plants employ chemical and / or structural deterrents 
against nerbivory. The chemical defences fall into two 
categories, digestion-reducing substances such as tannins, 
which are found mainly in the mature foliage of woody plants, 
while forbs and new leaves tend to be defended by toxins such 
as alkaloids. Plants utilising structural deterrents, often 
thorns or spines, possess less chemical defences {Feeny 1976, 
Rhoades & Cates 1976).

2. Herbivores select plant species to maximise their nutrient 
intake and minimise the intake of defensive chemicals. Large 
herbivores exert careful selection not only for plant species 
but for plant parts of specific phonological states. This 
selection may be rulaxed under conditons of low food 
availability (Westoby 1974, Kurepat 6 Bryant 1980).

3. Pure browsers may be moce able to cope with plant defence 
chemicals than mixed feeders which preferentially eat grass. 
Alien ungulates might be more sensitive to the effects of 
defences of indigenous browse plants and less able to detect 
trheir presence than animals which have evolved with the
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vegetation (Arnold & Hill 1972, Laycock 1978).

In order to test these hypotheses the following key questions 
were asked:-

1. What is the relative importance of the following sets o£ 
factors in controlling the degree and timing o£ consumption of 
different species of woody plants and forbs?
i. Nutrient concentrations
ii. Structural deterrents
iii. Chemical deterrents.

2. Haw do different species of browsing ungulates vary in their 
response to these features?

Three common species of ungulates were chosen to represent 
examples from a pure browser to a preferential grazer capable of 
extensive utilisation of browse. The animals also represent 
indigenous and alien, domesticated browsers. The animal species 
chosen ware:-

1. The greater kudu (Tragelaphus strepsiceros strepslceros 
Pallas). This is a large browsing ungulate o£ 160 - 300 Kg in 
weight, widely distributed throughout Africa from the Cape in 
the South to Somalia in the North (Dorst & Dandelot 1970). 
Kudus are specialist browsers and occur in a variety of 
habitats £rom woodlands to shrub savannas in both moist and 
arid regions (Pienaar 1974).
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2. The impalas (Aepyceros jnelampus melampus Lichenstein) is a 
medium sized ancelope of 40 - 55 Kg. This is a mixed 
grazer-browser showing a preference for green grass (Monro 
1979). Impalas occur over large areas of eastern and southern 
Africa in fairly open wooded savannas, and show a preference 
for ecotones, short grass areas and disturbed sites (Dasman & 
Mossman 1962, Jarman & Jarman 1974, Hirst 1975, teuthold 1970),

3. The beer goat (Capra hirsus) is a common meat producing breed 
in Southern Africa, and is better adapted to the climate of the 
bushveld than are the mohair producing angora goats farmed in 
the more arid regions (Dsnaldson 1979). Goats are mixed feeders 
capable of utilising both grass and browse. The young females 
used in this study were of the "improved" boer goat breed and 
weighed between 30 and 35 Kg each.

There ato two major types of savannas in southern Africa. The 
broad leaf tall tree savannas and woodlands and the microphyllous 
short tree savannas. These two forms mix in a mosaic due to 
edaphic factors such as soil nutrient status (Huntly 1978}.

This study was undertaken at the South African Savanna 
Ecosystem project Study Site in the Nylsvley Nature Reserve where 
the mosaic was fine enough for both types of savannas to be 
encompassed within the small arras of the enclosure in which the 
tame animals were kept.
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C.'NPTER 2.

DESCRIPTION OP THE STUDY AREA

2.1. Location of the Study Site

This study was conducted at the South Afiican Savanna Ecosystem 
project study site within the Nylsvley Nature Reserve in the 
northern Transvaal.(Latitude 24'29'S, longtitude 28'42'E). The 
reserve is 3120 ha in extent and lies 10 km south o£ i4aboomspruit.

The SASEP study area covers an area o£ 74S ha to the south of 
the Nyl River floodplain (Huntley 1978), The southeastern corner 
of which was game-fenced to form a 213 ha enclosure in which the 
animals used in this study were kept. {Fig. 2.1.}

2.2. An Introduction to Savannas

Savannas occur between the equatorial rainforests and the 
semi-deserts of Africa, Australia and South America. The term 
savanna encompasses a range of vegetation types from closed 
woodlands with an understorey of grass, through open savanna 
woodlands as are found at Nylsvley, to treeless edaphic 
grasslands. In all cases the herbaceous layer is dominated by the 
C4 grasses.

Savannas cover 65% of the African continent. Southern african



Figure 2.1. Nylsvley Nature Reserve and the Savanna Ecosystem 
Project Study Area,
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savannas can be divided into two main groups. The broad leaf 
savannas which occur on dystrophic soils, and the microphyllous 
savannas which are found in more eutrophic areas. These two major 
savanna types may co-exist in a mosaic, as is found at Nylsvley, 
due to snail scale differences in the soil nutrient status 
{Huntley & Walkfer 1982).

2.3. Geomorphology and Soils

The SASEP study area lies at 1100 m above sea level, sloping 
northwestwards to approximately .l-te.’i m on tne Nyl River 
flood plain. The topography is flat to centjy sloping. The slope 
rarely exceeds two degrees.

The soils are moderately shallow to deep, well-drained and 
highly leached, non-calcareous, sandy soils of the clovelly and 
Hutton forms derived from the sandstones, conglomerates and grits 
of the Waterberg system. Available phosphorus levels ace generally 
2-3 ppm, although small areas with enhanced nitrogen, phosphorus 
and potassium content, occur at sites thought to be previously 
occupied by native settlements {Harmse 1977).

2.4. Climate

The climate is typical of most savanna areas in South Africa. 
Meteorological records over the last 40 years indicate that the 
climate comprises a hot, wet season lasting from November until 
March during which 79% of the mean annual precipitation of 630 mm
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Table 2.1. Monthly Rainfall (m.) Measured at Nylsvley 
over the Period 1980 to 1983

Month 1980 1981 1982 1983

January - 185.3 157.8 87.9
Febuary - 33.7 54.2 47.0
March - 41.2 36.6 105.5
April " 23.3 48.9 53.1
May 0.0 2.9 17.5 2.6
June 0.0 0.0 0.0 13.4

July 0.0 0.9 4.6 0.3
August 0.0 12.8 0.0 15.7
September 54.9 13.0 4.0 0.0
October 18.1 34.7 46.6 28.9
November 155.5 68.2 39.9 230.4
December 67.8 43.5 92.7 5 0.1
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falls. From late April to the end of A'-̂ ust it is mild and dry, 
with ground frosts occuring on appro-.imatly 20 days. While 
September and October are generally hot and dry. As in most 
savanna regions the rainfall is erratic and mid-simmer droughts 
are frequent (Huntley 1978).

The annual precipitation during the time of this study was 
below average (Table 2.1.). Prom July to June the annual rainfall 
in the year 1980-81 was 583 m. The following two years were 
drier, receiving just under 500 mm. In 1981 the first good rains 
fell in September. In the following two years the *irst 
significant rains did not fall until October, but more rain fell 
in April at the end of the wet season, thus slightly extending the 
season of plant growth,

2.5. Vegetation

The study area is located in an area of mixed, deciduous bushveld 
(Acocks 1954 Veld type IB, Blankenveld). The main plant community 
is Burkea afrlcana - Erag.rostia pallens deciduous broadleaf 
savanna woodland. This savanna shows similar florlstic, 
physiognomic and faunal characteristics to the dystrophic savannas 
of the central and southern African plateaux. Nylsvley is situated 
at the southern limit of this savanna type.

The woody component of Burkea savanna comprises of clumps of 
trees of up to 12 m height interdispersed between grass and 
shrubs. The dominant trees are Burkea afrlcana, 'Knnlnalia



sericea, ochna pulchra and Combretum molle, while the dominant 
shrubs are Grewla flavescens and Ochna pulchra (Coetzee et. al, 
1977). The canopy cover of the woody component averages 27.5% (van 
Rooyen 6 Theron 1977).

Small patches of micropbyllous Acacia short tree savanna occur 
on sites of abandoned native settlements where the soil is 
enriched particularly with phosphorus. This savanna is dominated 
by thorn trees of 2 - 6 m height, in particular Acacia nllotica, 
Acaoia fcorfcllis and picbrostachys cinerea. The transition between 
the Acacia patches and the Burkea savanna is often marked by 
Scleryocarya caffra trees. The Acacia savanna is more open than 
the Burkea savanna, having a canopy cover of 15% (Coetzee et. al. 
1977).

The field layer of the Burkea savanna is dominated by the 
grasses Bragrostls pallens and Digltarla erlantha in the open 
areas and Panlcum maximum in the shaded areas. The field layer 
cover is 15 - 65% and the cover of leaf litter 5 - 10%. Eragrostis 
lehmnnlnna ia the dominant grass in the Acacia savanna where the 
field layer cover varies from 25 - 95% (Coetzee et. al. 1977).

An indication of the plant species diversity is obtained from 
sampling in 1979 (Whittaker & Morris unpubl.). An average of 
twelve plant species per m2 was found in belt transects through 
Burkea savanna and on]v five species per m2 in the Acacia patches.

From aerial photographs taken in 1974 it is calculated that
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the Acacia savanna covers only 8% of the area in which this study 
was conducted.

2.6. Animal populations

Prior to beirtj declared a nature reserve the farm o£ Nylsvley was 
estimated to contain 150-500 impalas, and 40-100 kudus in addition 
to duikers, steenbok, 50-100 warthogs and 8 reedbucit (Coetzee et. 
al. 1977). Kudus and impalas have remained the most numerous 
species o£ ungulates in the reserve. In 1980 when this study began 
the reserve contained approximately 100 kudus and 700 impalas. 
Over the following three years the kudu population has remained 
fairly stable but the impnlas have been reduced to 300 through 
culling. Species formerly present in the area were re-introduced 
to the reserve and the present ungulate population consists of 11 
giraffe, and approximately 260 grazi.ig ungulates including zebra, 
wildebeeste, roan antelope, waterbuck, reedbuck and tsessebe. 
Numerous duiker, steenbok and smaller herbivores also occur.

2.7. Management History

In the fifty years prior to becommlng a provincial nature reserve 
In 1974 Nylsvley had been managed as a cattle ranch with 730-500 
head of cattle. Up to 300 cattle were grazed In the study aret tor 
the four months of January to April. The presence of the highly 
poisonous woody geophyte, pi chapetalum cymosum, made longer 
grazing periods impractical. Cattle were also run in the study 
area during these months in 1975-1975 {Huntley 1978), and 200 head
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of cattle were Introduced into the 213 ha enclosure Cor one month 
in March 1981 in order to remove the moribund grass which was 
constituting a Eire hazard.

As a ranch Nylsvley was not burned intentionally. Accidental 
fires occurred at irregular intervals and it is estimated that 
approximately halE the study area was burned once in five years 
(Coetzee et. al. 1977). Within the 213 ha enclosure the western 
half was burned in September 1978 and the remainder in 1979. 
Roadside fire breaks were burned every year, but other than this 
the enclosure was not burned during the study period.
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CHAPrER 3.
THE REARING AND TAMING OF BROWSING UNGULATES FOR FEEDING STUDIES

3.1. Age and Origin of the Animals Used in this Study

Sight: impala lambs, aged between two and ten days old, were 
captured at Nylsvley Nature Reserve in December 1979, Three 
Impalas of similar age were brought in from nearby farmland. The 
group initially consisted of seven males and four females, but 
unfortunatly one male broke its neck in the fence when the group 
was panicked, probably by a stray dog in the reserve. One male 
impala had been raised from birth as a pet and was consequentially 
imprinted on humans. As a lamb he tied towards humans when 
frightened and directed his play behaviour towards than. However 
when unaware of the presence of humans he interacted apparently 
normally with the other impalas. Unfortunatly this animal and one 
other male died of injuries sustained while fighting with other 
impalas in March 1982 and October 19Q1 respectively.

The six kudus were acquired between April 1979 and July 1981. 
All but one were estimated to be about two months old on arrival. 
The first two calves came Scorn the Nylsvley region. An injured 
male calf was brought in from a nearby farm in April 1979 having 
teen mauled by dogs. This animal suffered the loss of an eye and 
extensive lacerations to the face and neck so was of no use for 
feeding observations. Instead he carried the radio-collar
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necessary for locating the group, as this slid up and down the 
neck of the animal and may have interfered with the natucal 
feeding behaviour. A five month old female was caught at Nylsvley 
in April 1979. The kudus acquired later came from Transvaal 
bushveld areas, A female calf was purchased from a game farm at 
Thabaizimbi in March 1981. Finally three calves, two males and a 
female, came from Loskop Dam Nature Reserve in July 1981.

Five female boer goats were purchased, when just weaned, from 
a nearby farm in July 1980. The boer goat is primarily a meat 
breed used by farmers in bushveld regions.

3.2. fousing

The animals were housed in single species groups in 8 x 12m pens 
lined with hessian and padded with thatching grasis to prevent the 
animals from damaging themselves or being disturbed by activities 
outside the pens. Each pen contained a shed in which the animals 
were put at night. Four interconnecting pens were available and 
the animals were moved to a fresh pen every third day to prevent 
the build up of disease organisms, particularly coccidiosis, in 
the soil. Strict hygiene was observed at all times and no animals 
Were lost due to disease.

3.3. Rearing and Weaning on to Plant Fbod

The animals received powdered baby milk enriched with vitamins. 
The impalas and the four younger kudus were bottle fed, while the
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injured calf and the oldest kudu drank their milk from buckets 
which were eventually hand held.

A continuous supply of cut branches of indigenous woody 
plants, hung on the pen walls, was always available to the animals 
and buckets of forbs were supplied, (Frost 1981). Once the animals 
had become tame enough to be guided in and out of the pens without 
stress they were allowed out in to a two hectare paddock of 
indigenous vegetation during the daytime. Taming to this level 
took one month for the impalas and two months for the kudus. 
Supplementary feeding was by "Epol" antelope cubes (see appendix 1 
for composition} and fresh water was always available. The impalas 
received a dose of rumen fluid from a culled impala and to ensure 
that they had the microflora to digest the vegetation, the kudus 
were older when caught and were presumed to have been inocculated 
naturally. The impalas were fully weaned at six months and the 
kudus at eight months.

3.4. Training

The animals wsre subjected to human contact £ several hours a 
day. Initially a technician sat quietly in the pen then, after two 
or three days, began to move around. Eventually the animals came 
to tolerate snail groups of people walking around and talking in 
the pens. The kudu caught at five months old remained nervous of 
strangers, especially men. All the animals came readily to the 
sound of a few antelope cubes rattled in a bucket, ':he impalas 
also came to a voice call. Once weaned the animals were
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occasionally given a handful o£ antelope cubes bo keep them tame, 
but no feeding was allowed for at least two days before their 
feeding wa. . ̂ corded.

Once weaned the animals vsre moved to a 213 hectare enclosure 
in the stud: i. This enclosure was bounded by a ten foot wire 
fence, the lower half of which was made of nvBSh to prevent the 
tame impalas from getting out and wild animals from entering. This 
was not entirely sucessful so additional strands of wire were 
added. The fence also failed to isolate the kudus from the wild 
population as both tame and wild kudus occasln ly jumped over it. 
There was a four hectare enclosure within the main enclosure 
Incorporating a 10 x 10 m hessian lined pen with a leopard-proof 
overnight shed for the goats. Two water dams were available, one 
within the four hectare enclosure and another just outside it. As 
in the reserve a salt lick was available for the animals (see 
appendix 2 for the mineral composition of the lick).

The impalas and goats were transported to the study area in 
June and July 1980 respectively. The impalas were transported by 
crate but the kudus had to be immobilised for the move. The oldest 
female and the injured male were transported in February 1981, the 
second female in September and the last three In November 1981. 
The animals were initially released Into the four ha enclosure to 
ensure that they had not suffered any injury during the move. 
Aftes two weeks the animals were released into the main enclosure. 
Prior to the onset of data collection the animals were followed in 
mock trials whilst feeding until they ignored the observers and



learned to step over the string rather than becoming entangled in 
it.

3.5. The Experimental Animals at the Time of the study

When data collection began the animals wer« all weaned and had 
been living Era-sly in the study enclosure for at least tws months. 
This ensured that the,\ were familiar with the enclosure and that 
the rumen micro'iars was fully adapted to the diet (van Soest 
1983)

At the initiation of ttiu study in December 1960 the five 
female tx>ec goats were 12 months old. These animals had no fear of 
humans and could be handled freely even while feeding. Following 
the loso of one goat to a leopard, only two months after the 
initiation of data collection, the goats were kept in a shed at 
night with a handful of antelope cubes to lure them inside.

It- ten impalas were also 12 months old when first used for 
feeding observations. The group comprised four females and six 
males. Four of the impalas woulJ feed from the hand and all were 
undisturbed when feeding by the presence of humans at a distance 
of two to three metres, if the observer came too close the impala 
would give a warning "hiccup" but did not stop feeding. One impala 
was imprinted on humans, seeking out their company in preference 
to that of impalas. Although the foraging patterns of this animal 
may have been influenced by his desire to remain close to the 
observer he was Invaluable for observations on the fine details of
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feeding behaviour. The remainder of the group showed no social 
behaviour to people. They reacted normally to other ani/nals. At 
the age of 18 months the four female impalas joined a group of 
wild impalas in the 213 hectare enclosure and were consequently 
lost to the project. Thay conceived during their first breeding 
season and sucessfully raised their young, cn reaching maturity 
one of the tame males displaced the wild cam fcom the group or 
impalas including the tame females and became the dominant male. 
All the impalas have remained unafraid of humans and even two 
years after the cession of the field studies will leave the wild 
herd and cone to me when called.

The kudus were not available for study until September 1981. 
Initially the group consisted of two females of 12 and 18 months 
old. These were joined three months later by two males and one 
female of ten months old. All the kudus ate from my hand and could 
be observed from a distance o£ two to five metres when feeding. 
The oldest female remained wary of the presence of humans while 
she was feeding and some days would constantly drift away from the 
observer. Similarly if the observer failed to see a kudu behind a 
bush and came too close the whole group would move away but soon 
resumed feeding. Like the impalas, the kudus remained tame 
throughout the study. Similarly they showed no social behaviour 
towards humans. During the breeding season the females bred with 
wild kudu bulls which jumped into the enclosure. The calves born 
subsequently were reared sucessfully by their mothers.

The goats, being domesticated animals, soon bocame completely
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tame and the only thing the observer had to beware of was getting 
so close as to restrict the goat's choise of movement in one 
direction.

3.6. Use of the Enclosure by the Animals

The kudu ranged over the whole of the enclosure. Their stocking 
density was 2.8 km-2 which is similar to that of the natural kudu 
population in the Nylsvley Nature Reserve.

In addition to the tame impalas there was a snail herd of wild 
impalas in the enclosure. The stocking density of impalas was 10 
km-2 in the enclosure and 13 km-2 in the reserve, initially the 
tame animals used the whole enclosure but when they were 18 months 
old the females joined the wild herd and the young males tended to 
be restricted by the herd ram to an area of 30 ha. on the western 
side, although they still used the rest of the enclosure fairly 
frequently, especially in the late dry season.

The four goats restricted themselves to an area o£ 13 ha. 
around their overnight shed, rarely extending their range even in 
the dry season when they had depleted the preferred browse in 
their home area.

3.7. The Effect of Taming on the Food Selection of Wild Animals

An obvious question to be asked swit the use of tame animals for 
feeding studies is how representative of the wild population ace



they? Studies on both livestock and hand-reared game species 
indicate that foraging behaviour is a combination of innate 
behaviour and learned responses (Arnold 1964 a 6 bf Leuthold 1971, 
Neff 1974, Frost 1981, Hartmann & Carpenter 1982).

The impalas used in this study were captured before they had 
any experience of browsing, but the kudus were between two and 
five months old so were already eating browse when caught.

At the age of two or three weeks the impalas were presented 
with branches of 48 species of indigenous browse plants to which 
their responses were recorded (Frost 1981}. They rejected all the 
plants not eaten by the wild population at that time of ̂ «ar, plus 
four species which were edible, including Grewia flavescens which 
became one of their principal food plants when they were weaned. 
In the dry season, when the impalas were si.t months old, they 
began to eat many of the previously rejected species since the 
favoured browse was sparse. The same behaviour was seen in the 
wild population.

Leuthold (1971) found the same patterns with hand-reared 
lesser kudu and gerenuk. Both initially refused all the naturally 
rejected species plus a few others, some of which were important 
food plants to the wild animals. The gerenuk ate a few species 
eaten by the lesser kudu but not by wild gerenuK, indicating 
learning by imitation. The animals used in this study did not have 
older animals to imitate but were raised in single species groups 
so could not be influenced by the feeding behaviour of different



Pceweaning experience of the vegetation has an important 
effect on food selection. Arnold (1964b) showed that grazing 
experience in the first three months of life affects the 
selection of unpalatable plants by sheep, but this effect is 
overcome in one month. Similarly pen reared lambs took one week to 
learn to graze as selectively as field reared lambs and 13 weeks 
to achieve a comparable Intake rate (Arnold 1964a).

Bartmann and Carpenter (1982) cautioned that animals used for 
feeding studies must be preconditioned to the habitat. Mule deer 
in a novel habitat ate less species and showed more variability 
than deer of the same age which were raised in that area.

To allow for these factors the animals s ̂ ed in this study were 
always supplied with freshly cut branches of the local vegetation 
and buckets of forbs. Two months after capture they were allowed 
access to a two hectare paddock of indigenous vegetation during 
the day. The animals were transported to the study area when 
weaned and allowed two months to adapt to the vegetation and 
familiarise themselves with the area before feeding observation^ 
were tak.en.

Supplementary feeding by "Epol" antelope cubes was necessary 
when the animals were in the rearing pens and small quantities 
were occasionally given to the weaned animals to reinforce their 
tameness. Feeding was not allowed for at least two days before



feeding observations were carried out, even though Reglin et. al. 
(1976) have shown that supplementary feeding had little effect on 
the selection of common species by mule deer.

Frequently the male animals used in feeding studies are 
castrated. This may vmhance the safety of the researcher but such 
animals are not typical of the wild population. Consequently the 
male antelope used in this study were all left entire. No problems 
were encountered with these animals, although the imprinted male 
impala may have become a nuisance had he lived to full maturity.

Individual differences in food selection are frequently 
reported (Arnold 1964a, Willms & McLean 1978, Bartmann & Carpenter 
1982). Therefore a minimum of five animals of each species was 
obtained for this study.

The use of sub-adult animals in this study may have had soine 
affect on food selection as the wild population is typically a 
mixture of ages, but as the aim of. this project is to identify the 
plant factors influencing diet selection by the three different 
animal species this fact that all the animals are sub-adult is, 
hopefully, not too serious.

The animals in the enclosure were stocked at similar densities 
to those in the reserve to ensure that they do not subsist only on 
the preferred food items but also suffer some nutritional stress 
in the dry season. A loss of body condition was observed in the 
tame aniasals during the late dry season indicating that, like the
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wild population, they were under some nutritional stress at this 
time oC year.

Minor differences may occur in the feeding behaviour of 
animals in a small group rather than a herd duo to less frequent 
social interatiom,. If this doss occur it will be more serious for 
the impalas and goats than the kudus which do not naturally occur 
in large herds.
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CHAPTEP 4.
PLANT SPECIES SELECTION BY BROWSING UNGULATSS

4.1. INTRODUCTION

Herbivores often appear to be surrounded by a super-abundance oC 
potential Cood. jfcwever much of this plant material is not 
suitable as food, to the animals due to low nutrient contents, 
difficulty of access, and the presence of plant defence chemicals 
deleterious to the fitness of the herbivore. Hence the herbivore 
must be selective in its utilisation of plant material if it is to 
obtain an adequate diet.

The use of the various terms in feeding studies is presently 
rather flexible. To avoid further confusion these terms must be 
clearly defined as they will be interpreted in this study. The 
ABUNDANCE of a potential dietary component is defined as the total 
quantity of that component in the habitat, and is independent of 
the animal consumer. The AVAILABILITY o£ a component defines that 
portion of the total which is accessible to the consumer, e.g. 
within its height reach. The UTILISATION is ths quantity of a 
component which is consumed by the animal in a fixed period of 
time. If dietary intake differs from availability in the relative 
proportions of components, SELECTION has occurred. PREFERENCE is a 
term reserved for selection by the animal and its active 
behavioural choice. It refJects the relative likelihood of a
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component being eaten IE offered at the same time as others. In 
theory components can be ranked from most preferred, or favoured, 
to least preferred. REJECTED components are those which are 
never, or very rarely, eaten. Preference is frequently claimed to 
be independent of availability but is generally defined by 
reference to the choice made at equal availabilities, ACCEPTANCE 
measures the frequency with which a component Is eaten if it is 
encountered. PAIATABILtTtf refers to the characteristics or 
conditions of a food component influencing its likelihood of being 
eaten by the consumer (Heady 1964, Johnson 1980).

The interrelationships between animal populations and their 
food supplies are important in animal nutrition and ecosystem 
management as well as in theoretical ecology, plants differ in 
their nutritional value to herbivores. Natural selection is 
assured to ultimately favour those individual animals that select 
a diet that conveys the maximum net benefit (Lacher et. al. 1982). 
Such a diet must contain adequate nutrients and the minimum of 
deleterious plant secondary compounds. The patterns of food 
selection exhibited by herbivores control the contribution of a 
plant species to the nutrition of the animal.

The varying degrees of herbivory experienced by different 
plant species within a community may ultimately alter the species 
composition of that community by the suppression of heavily 
utilised food species. The patterns of food selection exhibited by 
a herbivore population can be placed in a functional model linking 
the habitat to population performance. Most theoretical models of
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foraging have bean designed with carnivores In mind. Fbr 
herbivores the pursuit and catching times are largely irrelevant, 
but there are constraints inherent in the time taken to digest the 
plant material due to the large quantities which must be processed 
in order to obtain a sufficient intake of- nutrients. There is also 
more variation in the quality o£ the items making up the diet o£ 
herbivores than carnivores (Owen-Smith & Novellie 1982). With 
these differences in mind several models of herbivore foraging are 
available, all of which require a knowledge of the herbivores food 
preferences befoce they can be applied to natural systems.

Food selection by large generalist herbivores has been 
measured using a variety of techniques.

a. Dietary proportions.

Studies on the relative proportions of plant species and parts in 
the diet reveal the contribution that different components make to 
the animal's nutrition, principal foods are those two or three 
components which form the laryest fraction of the diet (Petrides 
1975). These components provide the bulk of the animal's 
nutritional intake. However species which are rare in the diet may 
provide sane vital factor in the nutrition of the animal, a 
preferred food species is one which is relatively more abundant in 
the diet than it is in the available environment (petrides 1975). 
The contribution a plant species makes to the overall diet of a 
herbivore is influenced by the availability of that species in the 
habitat. Highly preferred, but rare, species can only form a small
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part of the diet, while less preferred, but common, species can 
make a larger contribution to the diet. Henc.- i principal food 
species may be less preferred than many of the rarer species which 
are not abundant enough to rank highly in the diet (Petrides 
1975).

b. Selectivity ratio.

The selectivity ratio, forage ratio, or electivlty, is a measure 
of preference, whereby the use of food types (ri) in relation to 
their availability in the environment (pi) is measured. Foods that 
constitute a larger proportion of the diet than of the available 
food are said to be preferred, while those which are 
underrepresented In the diet relative to their availability in the 
enviconment are said to be avoided. A food is said to be eaten at 
random if its proportion in the diet equals its proportion in the 
environment (Petrides 1975, Pyke et. al. 1977, Lechowitz 1982).

The ideal selection ratio for herbivores mustj-
i. include multiple food types,
ii, not be influenced by the abundance of other food types, 
ill. have a symmetrical and finite scale centred on zero,
iv. change linearly over the full range of values for utilisation 

and availability.
v. be statistically testable,
vi. not be too sensitive to sampling errors.

Mo one ‘:hod of determining preference satisfies all these



criteria (Cock 1978, Johnson 1980, Lechowitz 1982).

Many models of preference are limited to the two prey case. 

(Loehle Si Rittenhouse 1982). Cock (1978) states that these models 

can be extended by pooling all prey types except; type 1 into type

2, then treating as a 2 prey index. This is not tenable unless the 

pooled prey are all equally preferred (Loehle & Rittenhouse 1982). 

The forage ratio {Ei «  ri/pi) (Ivlev 1961) takes a value of 1 for 

random feeding and differs asymmetrically from 1 to infinity for 

preferred foods and 0 to 1 for avoided items. The values can be 

made symmetrical by taking the logacithm of this index (Jacobs 

1974). The forage ratio is easy to interpret in terms of whether 

an animal is selecting for or against a food item, but this is a 

statistical artifact. The values obtained by the forage ratio are 

dependant upon what one considers to be available (Straus 1979, 

Johnson I960, Loehle & Rittenhouse i982). Thus considering all the 

grass to be potentially available food for a browser means that 

all browse species become highly preferred. If  grass is excluded 

the values for particular species change drastically. Hence the 

random feeding value of 1 is a statistical artifact with no 

behavioural meaning, strictly quantitative comparisons between 

forage ratios derived from samples of differing relative abundance 

are inappropriate as the values obtained are influenced by the 

availability of other food types (techowitz 1982).

Chesson (1978) and Vanderploeg & Scavia (1979a) normalised 

Ivlev's forage ratio to overcone the problem of variation with 

relative abundance of other items in the sample. Their indices are 

however non-lineat - nd symmetrical only in trials involving two



food types. Again these indices ace vulnerable to sampling errors 

for rare species, but they do allow comparison between samples 

(Lechowitz 1982).

Ivlev's (1961) electivity index El = (ri - p i )/(r i  + pi) was 

designed to yield values between +1 and -1. This is an advantage 

in that it gives selection values between definite limits. However 

the extreme values of E cannot always be obtained. Deviations from 

the randcsn model are symmetrical but not linear, so values are not 

proportional to the actual differences in preference indicated by 

the dasa (Petrides 1975). Since the maximum and minimum values 

dapend on the relative abundance of food types the preference 

values calcvslatea using this index for different food densities 

are not directly compacable (Landenberger 1968, Jacobs 1974). Rare 

food items and small sample sizes remain a problem. Large sample 

sizes are required but in heterogenous natural systems these may 

reveal even rarer species (Lechowitz 1982) .

Vanderploe-j & Scavia (1979b) developed a relativised 

electivity index with a range of +1 to -1. Again the maximum 

values cannot be obtained and rare species are a problem. The 

index is markedly non-linear and asymmetrical, but is not affected 

by changes in the relative abundance of food types. This index is 

not amenable to parametric statistics but includes a measure of 

the deviation from non-selective feeding that makes rank order 

comparisons of electivity from diverse sites meaningful. These 

sites must however contain the same food types.
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Although the various selection ratio indices give different 

values they still give the same rank order of preference. The 

selection ratio, in various forms, is the most widely used 

technique for measuring forage preferences, particularly of wild 

animals (McLean & Willms 1977, Monro 1979, Dunham 1980, Korfhage & 

Nelson 1980, Vangilder et. al. 1932).

Many studies have comparer the oroportion of a plant species 

in the environment with that in the diet of large mammals as 

represented by risnen or faecal samples (McLean & Willms 1977, 

Monro 1979, Dunham 1980, Korfhage & Nelson 1980, Vangilder et. al. 

1982). However differential rates of digestion can cause 

inaccuracies in the estimations (Kessler et. al. 1981), 

particularly when faecal analysis is used (Jarman & Gwynne 

unpublished). Alternatively utilisation can be estimated from the 

feeding time then compared to the availability (Milton 1979, White 

& Trudell 1980, Glander 1981).

Estimating preference as being the ratio of the proportion of 

a plant specie1: in the diet as compared to that in the environment 

can lead to •,i,s--jufacles as it incorporates both area, or patch, 

selection as well as food selection (Nudds 1980). Animals may 

select only from those plants within the range of its sensory 

capacities (Loehle & Rittenhouse 1982). Determination of resource 

availability in nature is beset by the fact that it may be 

impossible to measure it from the point of view of the animal 

under consideration (Jaenike 1980). Owen-Smith & Novellie (1982) 

avoided the effects of area selection by measuring availability as



the standing crop density of plant species in the habitat volume 

scanned. This volume is the product of the distance moved in time, 

the effective path width and the maximum height reach of the 

animal.

c. Acceptance Value

The frequency with which an animal eats a food type when it is 

encountered gives an indication of the selection independent of 

the abundance of that food type in the environment. Difficulty is 

encountered in deciding which plants have been detected by the 

animals. Arnold (1966) showed with grazing sheep, that food items 

were detected primarily by snell and then by sight. For the 

measurement of the acceptability the plants available to the 

animals were estimated as being those within the neck reach of the 

animals. This avoids any assumptions about the animals foraging 

patterns and avoids arbitrary limits being placed on the animals 

sensory csfc-ecity to detect foods (Loeble & Rittenhouse 19B2). 

Again problems are encountered with rare species which ace only 

encountered infrequently. The acceptance values obtained for 

animal species with different encounter rates are not directly 

comparable, however the ranked values may be compared. Acceptance 

is related to utilisation in that an animal which eats mainly 

browse will have a greater acceptance value for woody plants than 

a mixed-feeder which also utilises grass thus bypassing many 

potentially edible browse plants while intent on grazing.



d. Duration of feeding on individual plants

Dietary contribution of a component is a compound of the frequency 

of acceptance and the duration of feeding on a food once accepted. 

The feeding duration is relatively independent of availability. 

The dietary importance of plant species to mule deer was 

calculated by measuring the number of bites taken from each plant 

encountered (Willms 6 McLean 1978, Bartmann & Carpenter 19G2). 

Like the feeding duration this technique gives an estimation of 

the contribution of a food type to the diet.

e. preference in choice situations.

Feeding trials using domestic livestock frequently employ confined 

animals. These are given a choice of two or more foods in known 

quantities. Hence the availability of each food can be precisely 

matched and the effect o£ other food types present can be 

excluded. This method is not often used for assessing the 

preferences of wild animals, penned animals may be offered cut 

branches in cafeteria trials (Jarman & Gwynne unpublished. Tucker 

et. al. 1976, Frost 1980, Papageorgiou et. al. 1991, Sinclair et. 

al. 1982}, or food put out for wild animals at times when natural 

foods are scarce (Bryant 1981).

No single measure of food preferences of herbivores represents 

all aspects of food selection. The comparative utilisation of 

grass and browse is discussed, since the degree to which the 

different animal species use these vegetation types may influence



their selection of browse plants. Four methods of measuring for 

plant species selection were used. i . The proportion of feeding 

time was recorded, ii. From this the selection ratio was 

determined, using data collected by other workers on the abundance 

of available plant species in the habitat, i ll . The frequency with 

which a plant species was eaten if encountered was recorded, 

together with iv. the duration of feeding on the plant. The 

results obtained using these four methods are compared and a 

composite picture of food selection by browsing ungulates is 

presented.
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4 .2 . METHODS

The foraging behaviour of each animal species was observed for a 

minimum of six hours and a maximum of ten hours per month. 

FORAGING is defined as the time in which the animal is 

predominantly occup'.ed with searching for and eating footf. FEEDING 

refers to the actual consumption of the food. Every month the 

observations included each individual animal in order to reduce 

errors due to individual differences.

In each recording session a focal animal was followed, while 

foraging, for one hour. The species, size and leaf-age of each 

plant eaten and the duration of feeding on it was recorded 

verbally on a Sony microcassette recorder (Table 4 .1 . ) .

Simultaneously an assistant laid out a string along the path 

the animal took while feeding. Two reels of string were available, 

each measuring 1 .5 Km. The string was secured with wire loops. The 

beginning and end of each period when the animal was actively 

engaged in feeding, within the recording session, was marked by 

blue and red plastic pegs, while yellow pegs indicated the turns 

made by the feeding animal as insurance against the string being 

broken by other animals.

Subsequently the feeding path was subdivided into quadrats of 

lm long x the neck reach of the animal on each side of the string. 

In each quadrat details of the species, size and the leaf-age of
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Table 4.1. Details recorded far each plant encountered by the 

animals,

Slut classes of woody plants.

Size Maximum Affected bys-

Class Height

1 0.0 - 0.5 ib Fire, browsers, competition with grasij

2 0.5 - l.S a pire and numullen browsers

3 l.S - 2.5 m Kudus but too high for Impalas and goats

4 uv-ve 2.5 n Relatively free (ran nsfttmllan browsing

Slio classes of patchua of h> -vidual fi 

patch Size fftnfcer of plants in tb -■ateh

1 8-5 individuals

2 S - 10 Individuals

3 18 • 50 individuals

4 Covering all the 1M2 quadrat

1 f, phenology

Phonological classes Eor woody plants 

Class Phenology of leaves 

H New leaves not yet fully expanded.

i Young loaves, fully expanded but not yet fully hardened. 

M Mature, green leaves now hardened.

0 Old leaves with yellow marks or mottling.

D dried, partly brown lcavos remaining on the plant, 

p Fallen loaf litter.

Phenologies) classes for forbn. 

Cluoo Phenology 

y pri-floworun

H Flowering

D waven dnao
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all the plai.c species available within the height reach of the 

animal were recorded. This gives a measure of the availability of 

each plant species to the animal during the period when its 

feeding behaviour was recorded, plants encountered whilst the 

animal was running or walking rapidly with the head raised were 

not recorded, since at such times the animal was usually rejoining 

the other members o£ the herd and was not searching for Hood.

The reach of each animal species was measured directly from 

the animals while they were feeding, at least one member of each 

species being amenable to having the observer standing alongside 

it marking the twig Just: eaten from and the position of the 

hooves. The lateral reach of the animals was taken as the distance 

over which plants could be eaten by turning the neck whilst one 

forefoot remained stationary on the feeding path. This distance 

was 35 cm on either side o£ the string for the impalas and goats, 

and 50 cm for the kudus. The vertical reach was 150 cm for the 

impalas and goats. The goats are not as tall at the shoulder as 

the impalas but have the ability to stand on their hind legs. Roux 

U968) alsio measured the browsing height of goats to be 150-157 

cm. Subadult kudus could reach up to 200 cm.

The bite sizes and biting rates achieved by the animals for 

each plant species were record'- > -j the main observation 

sessions whenever possible w*. . urbing the animal under

observation. Additional observatio. . */ere also used. Bites were 

recorded sequentially on a microcassetce recorder and described 

according to the plant part eaten, its phenological state, and in
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the case of woody shoots by the number of leaves taken in the 

bite. Subsequently samples of similar size and age were collected, 

dried and weighed. The intake rate was then calculated.

Initially It was attempted to randomise the hours and days of 

the month on which feeding data was collected, but this was not 

practical due to the difficulty in finding the animals In the 

enclosure, even with the radio-collar.

The majority of the feeding observations w»re taken in the 

morning. The animals seem to have two main feeding periods during 

the daylight hours occurring over the 2-3 hours after sunrise and 

before sunset. This was particularly evident in hot weather. 

Evening recordings proved impractical as the follow-up 

measurements of plant availability, which took from 2 to 4 hours 

to complete, had to be done promptly as markers left out in the 

veld overnight were frequently displaced by the animals. For the 

same reasons no night time re^edings were taken.

The goats were studied for one year, from December 1980 co 

November 1981 inclusive. The kut:,«s were not available during the 

first part of the project but wece studied for the 12 months from 

September 1981 to August 1982. The Impalas were observed 

throughout the whole period in order to monitor any differences in 

the feeding behaviour r1 je to environmental differences. This wa* 

particularly important as a comparison was being made between the 

goats and kudus although they were not studied over the same time 

period.
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Prom this method of data collection the comparative 

utilisation of grass and browse by the animals, and four measures 

of plant species selection were calculated.

The proportion of the total feeding time the animals spent 

eating grass and browse each month was compared. Browse material 

was split into woody and herbaceous browse. L>saf litter was 

considered separately but is a subsection of the woody browse 

category. Grass was taken to include the sedges since these are 

not abundant In th« enclosure.

The differences in the proportion of each of these vegetation 

components in the monthly diet of the three animal species were 

tested £or significance using the Mann-Whitney "U" test. Non 

parametric statistics were chosen as the daily variation in the 

proportion o. nach vegetation type was large, but it was the 

relative prop*. .■ ions of each component that was of interest.

In June and early July little data was collected from the 

kudus because of the presence of a v-ild male kudu in the tame 

group.

a . Dietary proportions.

The contribution of each browse iipeeses in the diets of the 

animals was estimated by the proportion of the feeding time spent 

eating that species during observation sessions. The dietary

4-14
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proportions of each plant species were compared over each of the 

four seasons using the Mann-Whltney "u" test.

b. Selectivity Ratio.

The species preference of the animals for woody plants was 

measured using the selectivity ratio. The selectivity ratio is the 

ratio between the proportion of a plant species in the diet and 

the proportion of that species available in the habitat.

Selectivity ratio *  Proportion In diet, /  proportion In habitat.

The relative proportions of browse plants in the diet were 

calculated from the time spent feeding on browse corrected to a 

quantitative estimate by multiplying through by the intake rate 

for each species. The abundance of available woody plant foliage 

in the habitat was calculated from previous «>r)c by Rutherford 

(1979) and Witkowskl (1980) in the heigNt of the growing season. 

The above ground woody biomass of the Burkea savanna in the study 

area was measured by Rutherford (1979), his belt transects A and B 

were located within the enclosure in which the tame animals were 

kept. From these two transects the relative abundance of the 

eleven major woody plant species was obtained. The biomass 

available to the animals was calculated as being the biomass of 

leaves and the current years twigs of al.l shrubs below 2.5m plus 

10% of the tree biomass.
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Witkovraki {1980) determined the total live canopy volume and 

that below 2.5 m or all woody plants, including the rarer 

species, in both the Burkea and Acacia savanna for the study area.

The relative proportions of Burkea and Acacia savanna within 

tha enclosure in which the tame animals w e «  studied, was 

calculated from pre-existing aerial photographs. Burkea savanna 

covered 92% of the enclosure., the remaining 8% being Acacia 

savanna.

The measurements of the relative biomass of available browse 

were calculated from the work of Rutherford (1979) for the common 

apecies occurring in Burkea savanna, and Wltkowski (1980) for the 

Acacia savanna species and rare species. The relative biomass 

measurements for each species were adjusted according to the 

proportions of Acacia and Burkea savanna in the enclosure. Since 

the availability was measured only in peak growing season, the 

selectivity ratio could only be estimated for that season.

The specie  abundance and biomass of forb species was 

noticeably different each year, presumably as a result of 

variations in the rainfall patterns. Thus no previous information 

about the biomaos of individual forb species was of use in 

determining the selectivity of the animals for forbs at the time 

of this study.



4-17

c. Acceptance value.

The frequency with which a plant species is eaten if encountered 

is a measure of selection that is not greatly influenced by the 

relative availability of that species to the animal. The 

acceptance value is the ratio of the number of individual woody 

plants, or patches of forbs eaten (see Table 4 .1?, divided by the 

number encountered within the neck reach of the animal along the 

path taken while Seeding.

Acceptance value *  number eaten /  number encountered.

Chi-squared values from 2x2 contingency tables, with Yates 

correction for small numbers when necessary, were used to test for 

significant differences in the proportions of plant species which 

were accepted oc rejected under different conditions. The results 

are expressed according to seasonal, rather than monthly, 

groupings in order to obtain a statistically acceptable encounter 

rate for the less abundant plant species.

d . Feeding duration.

The feeding duration is the time spent feeding on a plant once it 

has been encountered. The time, in seconds, spent feeding on 

individual plants was recorded. This included the time taken to 

pluck, chew and swallow the food. Occasions when an animal paused 

to observe its surroundings then continued to eat the same plant, 

or a neighbouring plant of the same species, were classified as a
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single feeding duration. When multiplied through by the intake 

rate a quantitative assessment of the amount of foliage consumed 

at one time can be obtained. This gives a measurement of 

preference without reference to the avaliability of the plant 

species in the habitat, i f  it is assumed that the animal will eat 

more of a preferred plant at one time than of a less preferred 

plant.
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4 .3 . RESULTS

4 .3 .1 .  The Dietary Composition of Kudus, Impalas and Goats in 

Terms of vegetation Components

i .  Kudus

The diet of kudus consisted predominantly of woody plant leaves 

and shoots, an average of 60 + 12% of the feeding time being 

devoted to this food source throughout the year. The utilisation 

of woody browse was at a maximum in the late dry season, forming 

67 ± 3% of the diet {Fig. 4 .1 . i .)

Forbs were of less importance than woody plants, accounting 

foe 20 + 3% of the diet in the early growi.tg season, decreasing to 

10 + 3% in the late dry season. Grass was not an important source 

o£ food to the kudus, constituting only 7 + 2% of the diet as a 

year round average. The main species of grass eaten was Panican 

maximum which grows under the shade of trees and is favoured by 

many animals.

The kudu made limited use of fallen leaves as a dry season 

food source, taking mainly Strvchnos cocculoides and the large 

leaves of Combretum zeyheri when other food was scarce during the 

last two months of the dry season.

Fruit was actively sought out when available. The large fruits



4-20

of Sclecocacya caffra and Strychnos spp. were eaten ii. the growing 

season, while in the early dry season the animals ate the abundant 

indehiscent pods of Acacia tortilis and Acacia nilotica. Together 

with Grewia flavescens berries these formed 24 + 95% of their dry 

season diet.

The flowers of early flowering trees like Dombeya rotundifolia 

and occasionally Sclerocarva caffra and Qchna pulchra were eaten 

at the very end of the dry season. The twigs of Qchna pulchra 

bearing buds were also occasionally eaten just before the period 

of new leaf flush.

i i . Goats

Woody browse was also the most important dietary component for the 

goats, averaging 44 +  Si of the year round diet. After the first 

flush of new leaves the use of woody browse decreased through the 

early growing season, then once again increased in January to 

become the most important part of the diet, occupying almost 80% 

of the feeding time (Fig. 4 .1 .1 1 .) .  The time spent feeding on 

woody plants then steadily decreased down to 21 + 75 in May, then 

increased again throughout the remainder of the dry season.

Forbs were not of great importance in the diet of the goats in 

the early growing season and late dry season, but constituted 22 + 

9% of the feeding time in February and March. The maximum usage of 

grass by goats occurred in December when almost 50% of the feeding 

time was devoted to this food source. The use of grass then
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declined Co less than 1% in April and remained low until the 

regrowth of green grass in September.

In the dry season fallen leaves were an exedingly important 

source of food to the goats. They began using leaf-litter in late 

February and by April 62 + 4% of their diet consisted of fallen 

leaves.

Fruit were eaten when available, but never became a major part 

of the diet. Twigs of Ochna pulchra and Dombeya rotundifolia were 

occasionally eaten In the late dry season when the buds were 

swelling.

i i i .  Impalas

The proportions of the components making up the diets of the 

impalas in each month were similar over both years studied. The 

main food of impalas was green grass (Fig 4 .1 . I i i . ) .  This 

accounted for 73 ± 4% of the growing season diet on average, but 

reached 90% when the new season's grass flushed on the burned Eire 

breaks in September. In the dry season the availability of green 

grass decreased until in the second year the impalas spent only

5-10% of their time feeding on grass, carefully selecting the few 

remaining green leaves.

The use of woody plane and forbs by ijnpalas was low and 

inconsistent. Forbs provided less than 10% of the diet during the 

growing season and 15-20% in the dry season. An average of 20 + 6%
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of the feeding time was spent eating woody plants from the time of 

new leaf flush to leaf fall, while in the late dry season the 

impalas ate less from the -trees and bushes but ate the fallen 

leaves. Leaf-litter was an important dry season food resource for 

thesis animals, in 1981, Erom the month of May, the use of fallen 

leaves of palatable trees increased until 40% of the diet 

comprised leaf-lttter in July. Fallen leaves were not as important 

a food source in the following year and were only eaten at the 

very end of the dry season. This was due to the abundance of the 

preferred dry season food, Acacia pods. In the dry season of 1982 

there was a particularly good crop of Acacia pods. The pods fell 

from the trees throughout the early dry season providing a 

continuous supply of food, inis peaked in June when the inpalas 

spent 75 ± 5% of their time feeding on pods, particularly those of 

Acacia tortilis, and on Grerla flavescens berries. The use of 

fruit and leaf-litter terminated abruptly as soon as new grass 

appeared on the burned areas.

iv. A Comparison of the Dietary Compositions of Impalas in Two 

Consecutive Years

A comparison of the feeding behaviour of the impalas over the two 

years of the study revealed few differences in the proportions of 

the major food types in the diet. In 1982 the flush of new grass 

on the burns was later; as a consequence the diet of the impalas 

in August of this year contained significantly less grass than in 

the previous year, but more woody browse (Table 4 .2 .a . ) .  Less 

woody browse was eaten in March 1981 than in the same month in the





Table 4 .2 .a. Comparison of the Dietary proportions of the Major Food Types by impalas

1930-1 and 1981-2, Values of the Wileoxon "U" Statistic.

Grass Woody browse Forbs Leaf-litter Fruit

Month "u" 1980 1981 1980 1981 1980 1981 1980 1981 1980 198

October

November

December 10 29.5 24.5 26.5 27.5 32.8 22.0 13.5 40.5 - -

January 5 14.0 21.0 11.0 25.0 18.5 16.5 _ 21.0 15.

F&buary 5 17.0 18,0 1 2 .ii 22.5 29.0 7.0 - - 2.0 18.

March 3.0 9.0 15.6 0 .0  * 7.0 8.0 - - 2.0 18.

April 5.0 19.0 16.5 7.5 22.0 2 .0  * 8.0 16.0 0.0 24.

May 10 27.0 29.0 17.0 39.0 35.5 ,3 .S 44.3 12.0 9.5 46.

June 36.5 12.5 31.0 18.0 31.0 18.0 49.0 0.0-* 0.0 49.

July 33.0 16.0 12.0 37.0 34.5 14.5 40.0 9.0 .12.0 37.

August 10 48.5 5 .5  * 1 .0 53.0  * 12.0 42.0 17.0 37.0 12.0 36.

September

( * Significantly Different s P < 0.05 )



Table 4 .2 ,b. Comparison of the Dietary proportions o£ the Major Food Types by Kudus and

impalas in the Year 1981-1932, Values of the Wilcoxon "U" Statistic.

Grass Woody browse Forbs Leaf-litter Fruit

Month "U" kudus impalas kudus impalas kudus impalas kudus Impalas kudus impalas

October 0 0 30.0 * 28.5 1.5 * 19.0 11. i 18.0 12.0 21.0 9.0

November 0 0 30.0 * 26.0 4.0 27.0 3 .0  * 18.0 12.0 25.0 5 .0

December 10 0 0 54.0 * 48.0 0 .0  * 50.0 4.0 * 13.5 40.5 33.0 21.0

January 5 1 0 41.0 * 35.5 0 .5  * 36.0 0 .0  * 15.0 12.0 21.0 15.0

Febuary 0 0 40.0 * 40.0 0 .0  * 35.0 5.0 * * - 25.0 15.0

March 8 0 39.0 * 45.5 14.5 33.0 22.0 - _ 22.0 18.0

Aprii 0 0 48-0 * 37.0 11.0 39.5 8.5 16.0 32.0 18.5 29.5

May 5 0 37.0 * 42.0 0 .0  * 9 .0 33.0 18.0 24.0 8.0 34.0

June - 2 0 12.0 10.0 4 .0 6.5 7 .5 6.0 8.0 5.0 9,0

July 12 9 0 54.0 * 63.0 0 .0  * 41.5 21.5 24.0 39.0 2.0 54.0  *

August 15 12 0 60.0 61.0 11.0 * 58,0 14.0 * 12.5 59.5 17.0 47.0

September 0 0 25.0 * 25.0 0 .0  * 22.5 2 .5 7.5 17.5 25.0 0 .0  *

( * Significantly Different : P < 0 .05 )



Table 4 .2 .C . Comparison of the Dietary proportions of the Major Food Types by Goats and

Impalas in the Year 1980-1961, Values of the Wilcoxon JU" Statistic.

Grass Woody browse Forbs Leaf-1ittec Fruit

ffontfi "u* goats Impalas goats impalas goats impalas 1 1 goats impalas

October 0.0 30.0 * 30.0 0 .0  * 21.0 9.0 29.0 1.0 * 24.0 6.0

November 0 .0 30.0 * 30.0 0 .0  * 15.0 15.0 25.5 4.5 27.5 2 .5  *

December 0.0 45.0 A 44.5 0.5 * 32.0 13.0 -

January 15.0 25.0 41.0 7 .0  * 17.0 31.0 - - 27.0 21.0

Febuary 0.0 35.0 * 27.0 8.0 29.5 5.5 21.0 24.0 21.0 14.0

March - 7.0 5.0 1.5 10.5 11.0 1.0 12.0 4.0 10.0 6.0

April 0.0 20.0 * 6.0 14.0 0.0 20.0 * 20.0 0.0 * 20.0 0 .0  *

May 10 9 .5 46.5 * 56.0 0 .0  * 21.5 27.5 22.0 34.0 20.5 35.5

June 6 8.5 33.5 33.0 9.0 26.5 15.5 15.5 26.5 20.0 22.0

July 10 9.0 47.0 * 56.0 0 .0  * 23.0 33.0 26.0 30.0 12.5 43.5

August 5 .0 31.0 * J6.0 0 .0  * 26.5 9.5 14.0 22.0 31.0 5 .0  *

September 0 .0 30.13 * 30.0 0.'0 * 25.0 5.0 15.0 5.0 27.5 2 .5  *

{ * Significantly Different s P < 0 .05 )



Table 4 .2 .d .  Comparison of the Dietary Proportions o£ the Major Food Types by Goats

in 1980-1 and Kudus in 1981-2, values of the Wilcoxon "U" Statistic.

Grass {•foody browse Focbs Leaf-1 itter Fruit

Month "U“ goats kudus goats kudus goats kudus goats kudus goats kudus

October 31.5 4 .5  * 17.5 18.5 15.0 21.0 36.0 0 .0  * 22.5 13.5

November 27.5 8 .5 14,0 22.0 0.0 36.0  * 33.0 3.0 * 11.0 25.0

December 41.0 4 .0  * 11.5 28.5 12.0 33.0 - - 17.5 27.5

January 21.5 26.5 2.0 46.0  * 4 .0 44.0  * - - 19.0 29.0

Febuary 8 .0 32.0 32.0 8.0 9.0 31.0 24.0 16.0 18.0 22.0

March 35.0 5 .0  * 12.5 27.5 25.5 14.5 30.0 10.0 10.5 29.5

April 0 .0 40.0 * 8 .0 32.0 1.0 39.0 * 40.0 0.0 * 20.0 20.0

May 30.5 11.5 4.0 38.0  * 16.5 22.5 42.0 0.0 * 9 .5 32.5

June - 9.0 13.0 6.0 6.0 11.5 0.5 11.0 1.0 0.0 12.0

July 15 58.5 13.5 * 6.0 66.0  * 23.0 49.0 58.0 14.0 * 33.0 31.0

August 44.0 4 .0  * 20.0 28.0 10.5 37.5 42.0 6 .0  * 17.0 47.5

September 25.5 4.5 7.5 22.5 21.0 9.0 30.0 0 .0  * 12.0 18.0

( * Significantly Different : P < 8 .05 )
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following year, in 1982 the crop of Acacia pods was very good. 

From April until June o£ this year the impalas spent much more 

tims feeding on these pods than in the previous year. Less 

leaf-litter was eaten in June and less herbaceous browse in April 

of 1982 than in 1961, presumably due to the increased time spent 

eating Acacia pods.

v . Comparison between the Animal Species

A month by month comparison of the dietary composition of kudus, 

impalas, and goats, at Nylsvley shows that the impalas ate a 

significantly greater proportion of grass than the kudus in all 

months of the year, except June and August when little green grass 

was available (Table 4 .2 .b .) .  They also ate more grass than the 

goats for the nine months of the year excluding January, March and 

June (Table 4 .2 .C .) .  The goats grazed significantly more ti'an the 

kudus for five months of the year, only in April did the kudus eat 

significantly more grass than the goats (Table 4 .2 .d .) .

The proportion of woody plants in the diet of the impalas was 

significantly less than that of the kudus throughout most of the 

year and less than the goats in the late dry and early growing 

seasons. The kudus made significantly greater use o£ forbs than 

the impalas in the growing season and than the goats in November, 

January and April. Leaf-litter was significantly more important to 

the goats than the kudus throughout the dry season and the early 

part of the growing season, the kudus preferring to obtain their 

browse from loaves remaining on the trees and shrubs. The goats
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also spent a significantly greater proportion of their feedirg 

time eating fallen leaves than did the impalas from April to July.

There was no significant difference in the proportion of fruit 

In the diets of kudus and goats, in 1981 the goats ate 

significantly more fruit than the impalas in April and from August 

to November. The impalas ate significantly more fruit than the 

kudus in July 1982 but this pattern was reversed in September,

4 .3 .2 .  Plant Species Selection: Dietary proportions

a . Woody plants

The proportion of the total feeding time in each observation 

session that was occupied by individual plant species was highly 

variable. This was due to the heterogeneity of the vegetation and 

the limited number of food types which could be consumed in one 

hour. Frequently a plant species was not eaten within the 

observation period so scored a value of zero. This resulted in a 

high degree of variation and hence a poor statistical estimation 

o f the species composition of the diet.

i .  Kudus

G_. flavescens made up the greatest proportion of the diet of the 

kudus during the growing and early dry seasons, when it formed 

approximatly 20% of the total feeding time and accounted for 40%
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of the time spent browsing (Table 4 .3 .i .)»  Dichrostachys clnecea 

was also an important source o£ food in the growing season 

particularly from February to April when it occupied 20% o£ the 

browsing time.

In die early dr} season from April to June G . flavescens 

continued to dominate the browse diet of the kudus but overall 

this species contributed a significantly smaller proportion to the 

total diet than in the growing season. D. clnerea and Vitex 

rehmannii were also favoured in the early dry season. These 

species are deciduous, losing their leaves in the latter half of 

the dry season.

The evergreen Stcychnos purtgens was a major dietary component 

in the late dry season from July to September, being eaten 

significantly m ee  in this season than at any other time oE year. 

The dead leaves of the deciduous species C. zeyheci and G_. 

flavescens which remained on the branches were also eaten. The use 

of several evergreen species increased, and some plants such as 

the "thin-leaved" evergreens pappea capensls and Rhus leptodictya 

developed distinct browse lines.

In September the new leaves of Diospyros lycioldes and 0 . 

pulchra flushed out in advance of most other species and were 

readily eaten by the kudus. The new leaves o£ Burkea af.ricana and 

Lannea edulis, which emerged in the following month, were also 

readily eaten. Both o . pulchra and B. afrlcana leaves were ignored 

once they had matured. A second £lush of 0 . pulchra leaves
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Table 4.3. The proportion of the Browsing Time («) Spenc parting on Leaves and Shoots of Woody 

Plane Species.

Early Growing Late Growing Early Dry U K  Dry 

Season

Mean SF. Ranft Mean SE Rank Mean SE Rank Mean SB

Spaeies Sslectsd 

Acacia nliotica 

Acacia tortilla 

Burkea aCrlcana 

Cortjretin roll* 

Dichrostasnya einerea 

D5oS«ya ruswvflfolla 

Eitsiss nstalensls 

Gfewla flsvescens 

oshna pulchra 

Peltopfcarm afrlcaniei 

flfcus leptndictya 

Btryeftnos purgems 

TernlnaHa scriceo 

Vltex refmannli 

Other SpesSes 

Acacia boreal 

ACMla catfira 

Acacia hebeclada 

Acacia karoo 

H'f ’iii'iO breoicKanpil 

Bequ«rci<rferriron

Bricfclia mollis

Canth'ur giUl’.lariil 

"ariasa blapinoss 

Cassine t.'ansvaalen3is 

Corabretum apiculacum

CMralcal

0.

Analysis 

0.07 ii

8.20 2

.17*2.55 7

.48* 1.94 18

.96* 4.27 S

.01* 1.58 13 

.1?* 0.10 -i

.62* 6.47 1

.63* 2.3P 5

3.88* 1-66 4 

0.98* B.29 10 

25.39* 9.58 7 

6.20* e.t7 22

38.83* 3.51 1 

13.88*12.39 I

8.1 

l.< 

1.31+ 1 

1.65* 1 

15.08*11 

8.81+ B 

2.25+ 2 

45.49*10 

B.IS* 1!

.17+ 0,14 2V 

.36* 5.59 3 

?9i 8.8? 23

0.53* 0.53 15.5 1.91+ 1 

8.13+ 6.10 23.S B.?’* 0 

8.82*0.38 11.5 0.31*0 

2.7« 1.24 7 9.84* 5

01 28 

25 6

* 8.B1 31 

+ 0.13 22. 

93+ 2.83 11 

13* 0.13 28. 

08+ 1.89 18 

04+ 1.85 7 

221 5.24 S 

15+12.32 3

51+ 2.If? 13 

22t 9.S2 14

0.12*0.12 28 - - - - - -  2.53t 2.50 12

- - - 0.04* 0.H4 26.5 - - - - - ­

0.81*0.56 19 0.18* 0.10 is 1.69*8.64 9 ,5.84* 0.84 18

8.05J 8.0‘- 33 - - - - -  - 0.15± 0.15 iS

0.19+ 0.19 25.5 3.24+ 1.7i 5 0.10+ 0.18 27 - - -

72+ 0.98 19
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Table 4,3. Continued. . .

Ccntoretum *«yt«rl 

Croton gratlssimus 

Dichapetaluo cynosun 

Dlospyros lyeloldas

Srythcoeccca aenytuethll B 

guclea crlspa 

Buclea tndulau 

Gratia blcolor

Greuia Rontictla 

Unnea discolor 

Unnea adulis 

Maytanua tenulspina 

Hutriulea serins 

Osoroa paniculosa 

papftu oipensia 

Protea welwltschli 

pseudalachnoscylls 

waprounlfolia 

PyjnaMthacnus leyfteri 

Rhus pyroides 

Selcrocerya Ciiiro 

Secufidaca 

longlpedunculata 

Securln&ga virosa 

Stcychnos cocculoidaa 

Strycrtnon laadogassorieiiBU 

Tarchonanthus eeeophoracus 

Vi tax manftaESae 

Vanguerio Infauctca 

Ximwiio eattra 

Zlztphus mueronata

17+ 3.15 4 + B.27 IS.S 1.11+ 1.13 1? 13.33£ 8.93 2 

- - 1.06+ 1.06 14 - - -

30+ 0.24 17 3.62+ 2.16 6 b,47+ 2.2S 4 10.44+18

69i 2.26 9 

24± 0.24 24 

93± 0.03 36 

19± 0.10 25.5 

}4f f,62 IS 

03+ 0.03 38 

05+ 8.B5 33 

est 0.9S 33 
45+ 0.74 36

B.««± 0.58 14 - - - 

8.371 0.24 19 0.32+ 0.32 18

0.30+ 

3.384 3

27 21 

18 25.5 

30 27

- - - - - -  3.78+ 3.02 9

).B9i 1.09 9 - - - - -  -

0.471 0.26 10 8.241 0.24 22 - - - 

1.19+ 0.66 0 9.27+ 0.27 20.5 0.35± 0.35 23

0.05+ 0.05 33 - - - S.23+ 0.23 23 0,34± 0.19 24

0.76+ 0.76 28 - - - - -  - 4.S4* 2.18 6

- - - 0.04+ 0.04 26.5 - - - - - -

0.75J 9.75 21 0.71+ 0.71 13 - - - - - -

.56+ 0.23 27 0.31± 9.22 21 B.78J 0.47 16 - - - 

04+ 0.04 36 - - -  - -  - -  - ­

.70+ 2.05 3 0,82+ 0.72 11.5 0.04+ 0.75 15 0.02t 0.02 3B

0.P7+ S.P7 28

4.8SJ 4.8b b 1.17+ 0.GP 17 

2.23+ 2.16 7 0.29+ P.15 25.S'

(Standard error calculated on a men tiily basis In order to give equal wolghting to each month)
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Table 4.3. Tho Proportion of the Browsing Tins (%) Spent Feeding on Leaves and Shoots of Woody 

Plant Bpecloa.

ti. Impalas

EarJy Grwio* Late Crowing Early Dry Late Dry

Spot!88 Season Season 

n -

Season 

n « 6

Season 

n 5

rtJan SS RxA Mean SS Rank wan SE Rank Mean SE

Species Selected Cor cnenleal Analysis

Acada nllotlca 3.S7+ 2.16 9 10.88+ 3.53 3 B.72i 7.3B 4 - - -

Acacia corcilis e.io* o.of «.£ 5.21t 5.01 4 1.55J 1.26 U - - -

Burkaa atrlctM 8.G6+ M 3  20 0.2&+ 0-25 18.5 .  .  . - - -

Cmbretm nollu 3.22+ 1.81 IB 4.57+ 2.2S 5 4.22+ 2.59 5 S.7B+ 3.43 7

D(ehfouts»ys clrwrea 15.S2J 5.55 2 33.62+17.98 1 23.05+12.25 2 B.41t 6.41 14

Dsoaxsya rotmdltolia 16

Euclea natalensls 0.79} 0.79 19 .  .  . -  -  . 12.90+ 4.55 3

Grewls ftavosccfis JS.8S+J4.1I5 i 30.3S+14.53 2 23.73+10.14 1 14.06+ 9.70 2

Cctma pulctiro 4.54+ 3.8? £ 1.87* 1.3"» 9 _ .  . 0.22+ B.22 18

i>eltaphorin serleajijo 0.41+ 0.24 23 0.3&+ 0.38 17 6.29+ 0.29 16 3.93+ 3.68 8

(thus Isptodictya J.*«f B.M 15 0.32+ B.2S 15 0.98+ 0.36 14 6.53+ 9.52 11

Stryctmos pxigero 3.63+ 0.87 8 B.09+ 0.06 22 1.66+ 1.15 IB 8.18t 5.14 5

Tem!nsltn sorlcoa 1.8a* 1.«& 11 3.02+ 1.06 7 1.39+ 1.31 12 8.55+ 8.S5 4

VImx retrain!! 8.53+ 0.3(1 21 0.0!)+ 0.09 21 2.4B1 1.25 7 2.35+ 1.59 9

Other Species

Acacia borkoi 9.23* S.92 i 0.05+ 0.Oi 24 - - - - - -

Acacia caffra

Acacia hebodsda

Acacia karoo *.28+ e.Jf jr. .  .  . 0.11+ 0.11 20.* - - -

BarlerJa bremofcamfih

bcqusrtiodonaron

msgalsswmtams)

Sridelta mollis

Canthiuii glilUlami 0.63 m - - -

Caristw bisp!nosa '..<3* 3."’S' !• . .  . P.2T-+ P.2* 17 6.8S+ 4.89 6

Casslne te&itavealensic .  . . -  - - .  . -

Combretim aplculatun 0.29+ 0.29 2i .  .  - 1.21+ 1.21 13 - - -
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fable <1.3. Continued. . .

Cembretu* zeyheri - - - - - - - -  - 2.22+ 2.12 IB

Crown gcatlesiaua

Dlchapetalua eynosun -

Dlospycos lycloldeu 1.76+1.2113 - - - 0.12+8.12 19 0.33+ 4.33 IS

tKiraCle figlda 0.5J+ 5.36 22 8.98+ 8.98 1C 2.00* 2.08 8 0.33* 0.33 16

EryUiroeoma menyharthU S.54+ 2.83 4 3.88+ 1.04 6 2.07+ 2.07 9 - - -

Euelo* crisps - - - - - - - - - - - -

Buslea und«2*w 1.79*1.65 12 - - - 12.40t 9.11 3 30.16+21.51 1

tjravU bicolor - - - - - - |}.07t 0.67 22 0.84t 0.84 21

Crevla flava 0.85+ 8.95 33 - - - - - - - - -

Crevia oanticel* ®,3Sf 8.2S 24 0.3\f 0.31 16 - - - B.65t 0.65 12

Umnea diseolor 4.1et 2.15 7 0.33+ 8.33 14 - - - - -  -

Lannes edalta 0.67f 8.87 Jfi - - -  - -  - -  - -

Ksyemjs tenuisplmi 1.J7+ 0.66 14 B.16+ 8.16 20 - - - - -  -

Kandulsa sctlcsa - - - - - - - - - - - -

Osotoa panl&iloBa 0.23+ 0.23 27 - - -  - -  - -  - -

psppe* apensio - - - - - - 0, v 0,03 24 - - - 

Ptotsa volwitsehli

t-BeiriolatJinost/Ho - - -  - -  - -  - -  - -  - 

sapreanifalia

PygMooUutmus seyhefJ - - - - - - - - - - - ­

Rhus pyroldes 8.87+ 0.07 32 0.40+ 8.J1 11 8.53+ 8.S3 15 - - - 

Sderoeafya eatin - - - 0.43+ 8.24 is - - - - -  - 

SceuriSaea 8.83+ 8.34 17 2.22+ 2.22 8 2.91t 2.83 6 8.43+ 9.43 13 

lengipedunsulata

Secufifwga virooa - - - - - -  8.06+ 0.BG 23 - - -

Stryehrvoo coeoulolcjR.'i 0.88* 8.08 31 - - -  - -  - -  - -  

Jltryahnon uaiJ«i«:arjcn!i)n

Vitel! BomMSSflC

Vanguerlo Intaostra -

Ximenlo cailio

aiziptiuE nucronatfl 0.21+ 0.11 27 0.3h+ H.3» 1? 0.23+ 0,23 IB 8.141 8.14 2(1

(Standard error calculated on a monthly basis In order to givo equal weighting to each month)
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o Brousiryg Tino (*) Spent Feeding on Leaves and Shoots o£ httody 

Plant Species.

Ute Qfowln9 

Season

Early Dry uee Dry 

Season

K Ho an SC Rank Mean

Spacles Selected Cor Qveaical Analysis

Acacia nllotlce 

hrncla tortilla 

Burkea aErlcona 

C«obretu3 coll® 

DlOtroavtchyz einerea 

Oxstaya rolundlfolia 

Euelea natal«nsis 

Grewls flaveaeens 

Ochna puicftra

Pel tatiairun tffieanw

Rhus luptedictya 

Strychnos pjitjoin 

Ta ml nail* wricoo 

Vltex (elcumnil

<-06i 3,34 9 

8.39+ 9.36 25 

11.93+ 5.91 3 

5.10t 1.09 IS 

6.58+ 3.33 6 

5.75+ 1.91 7 

20.01+ 9.55 1 

ii.lH 8.37 2

la.cjt s.a? 4 

0.22+ 0.22 28 

0.39+ 9.16 26 

1.32* ts.es 13

1.77+ 1.6 

a.05+ 0.0:

0.97+ B.4i

z .m  2.si

5.75+ 2.2 

0.B3+ 0.3: 

4.X5+ 1.3 

«.59+l«.9i 

4.45+ 1.7' 

0.07* 0.0' 

1.90+ 1.2: 

1.78+ l.H 

0.61+ 0.6.

6.4B+ 0.54 19 

7.16t 4.60 S 

1.75+ 0.96 11 

9.34+ 4.47 4 

26.26+13.20 1 

20.14114.14 2 

1.554 1.14 12 

0.17+ 0.17 27.5 - - 

10.26; 5.27 3 0.57* 3. 

4.26+1.97 6 1.951 8. 

0,42-1 0.31 23 - - 

2.99t 2.99 6 B.20+ B.

1.41t 0 

64.71+ 2. 

3.94* 2.

B.lfrt 0.

.91 9 

1 

4

.11 17

Acacia borHeJ 

Aeaela cattsa 

ftcaela hebecloda

Borlerla lirimckiK̂ i;

BBjuartiodeiiaion

msgoliarontanur

Brioolta miXU 

Cantfllun ijlHUlanl. 

Carlsoa bisplnoso 

Cassine t.ranwnalonsis 

Oanbracun apieulatu®

- fl.iJ* 6.2) 27 0.77s 0.7

- ft.fl!- 2“ B.B2+ B.nr 2C.5

1.35+ 1.35 13
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Table 4.3. Continued

Combreturi feoyharl - - - 8.16+ 0.12 25 8.51+ 0.29 20 ,1.40+ 1.23 10 

Croton gratissimus 

Dtchapatalua cyoaaiM

Dioapyros iycloide1.- 0.56+ 9.37 22.5 0.16+ 0.11 25 0.51+ 0.29 20 1.40+ 1.23 10

EheetSa rljlda 0.71+ 0.54 18 0.72+ 0.72 19.5 - - - 0.22+ 0.22 15 •

Erythrooecca menyharthSi 0.47+ 0.35 24 - - - 0.4S+ 0.24 22 0.09+ 0.89 16

Euelea crlspa - - - B 49+ 0.44 22 0.02+ 0.92 32 1.56± 1.56 8

Euclea undulata 2.36+ 1.70 10 1.02+ 1.02 ' 2.50+ 1.5R 9 11.00*2.75 2

Crewie bicolor 0.67* 0.39 19 - - - 0.B5+ 0.37 1« 0.021 0.62 20.5

Grewia Clavg 0.96+ 0.86 16 0.75+ 0.29 IB 0.17+ 0.09 27.5 0.06* 19

Grewia sanelcola 1.37+ 0.23 12 0.04+ 0.04 31 3.B9t 1.44 7 0.60* 0.30 13

Uumea discolor 6.44i 6.44 S 6.031 2.93 4 - - - - -  - 

Lannea «talls

Haytenus twiulspina 0.58+ 0.59 22.5 0,34+ 0.34 24 - - - - -  -

Kandulea Berlcea 8.66+ 0.53 20.5 - - - - - - - - -

tteoroa panleulosa 0.92+ 0.73 17 2.3712.34 fi 0.JS +8.30 25 1 ,88* 0.86 6

Pappea capmsiu 0.B4+ B.B4 31 - - -

Protea velwitochli

PrscuSolactmostylis

aapeeunUolta

pygmaeoUiannUfi zayhorl - - - - - - - - - - - -

Jlbuc pyroldes 0.09+ 0.06 33.5 7.22+ 6.26 3 0.22+ 0.22 26 0.76+ 0.17 12 

selarocarya catEra

Becurldace 0.114 0.11 31.5 0.15+ 0.09 26 1.76+ 1.36 10 - - - 

longipeduntulata

Securinega virosa -

Stryctooo eocculoldoo 0.26+ 0.15 27 1.6(1+ 1.0P 1J B.74+ 0.74 16 - - -

Sfcrychnos madagascarlenEln - - - -

Tarch&nanthus campWanur. - - - - - -  p.f1+ p.f? IP - - -

vitex mattwsnaa

Vanguerla Intaustra - - - - - -  8.06? 8.M 3fl - - -

Xlnanis coflra 1.72J B.9ft 13 - - - - -  - 1.63* 1.35 7

Ziliphus mucconata 0.12+ B.i: jp - - - - -  - 0.17+ B.17 18

(Standard error calculated on a monthly basis in order to give eijual weighting to each month)
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occurred in January 1982 following defoliation by caterpillars. 

These new leaves were also sought out by the kudus whilst mature 

green leaves on the same plant were ignored.

A common woody plant not seen to be eaten by the kudus was p. 

afcicanum. Many other less common species were only eatsn 

infrequently.

i i . Impalas

Throughout the growing season the two woody plants forming the 

greatest proportion in the diet of the impalas were G . flavescens 

and D. clnerea. Together these species occupied 10% of the total 

feeding time and accounted for half the woody browse eaten (Table 

4 .3 . i i . ) .  Acacia species accounted for 13% of the browsing time, 

Mid C. nolle for 3 to 4%. None of the evergreen species was eaten 

much in the growing season.

Those species favoured in the growing season continued to be 

eaten into the early dry season, and the use of V .rehmannii and 

Euclea undulata increased. The evergreen species, E. undulata 

dominated the diet in the fate dry season at 30% of the browsing 

time. The use of other evergreens especially E. natalensis , S. 

pungens and Carlsaa blsplnosa increased significantly from that of 

the early dry season. The dried leaves of C. rnolle, C. zeyherl , G. 

flavescens and T . sericea were also eaten in the late dry season.

Leaves oE 0 . pulchra were only eaten in September, October and
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January when newly flushed leaves were available, L, discolor was 

also only utilised when in new leaf in November and December. At 

no time did the impalas make much use oC B. afrlcana leaves.

i il .  Goats

In the early growing season the goats ate many species of woody 

plants, Including S. natalensis in the first month, but the main 

foods were G. flavescens and the new leaves of 0 . pulchra and B. 

africana (Table <i.3 .iii.). The leaves of the latter two species, 

and those of L. discolor, were not eaten once they had hardened.

S.* flavescens occupied about one third of the feeding time in 

the late growing season, significantly more than any other plant 

species. Other species frequently eaten at this season were V. 

rehmannii, Rhus pyroldes and D. cineraa. Also eaten were the 

second flush of new 0 . pulchra leaves.

In the early dry season G . flavescens was still a principal 

food plant but less than in the growing season. R» leptodictya, C. 

molle and D. cotundlfolia were also favoured in this season. The 

evergreen E . natalensis was eaten increasingly throughout the dry 

season until in the late dry season it was the major plant species 

in the diet, occupying a quarter of the total feeding time, or 65% 

of the browsing time. The use of E. natalensis continued in to the 

early part of the growing season before the deciduous species had 

fully leafed out. Other evergreens such as B. undulata, and 

Carissa blspinosa, together with the dead leaves of <3. flavescens.
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comprised most of the other woody browse eaten during the late dry 

season.

iv. Comparison between the Animal Species

The relative dletaty use of woody species was estimated from the 

proportion of the browsing time the animals spent eating each 

species, otherwise all comparisons were swamped by the the effects 

of the differential use of grass by the animals.

The proportions of the most cowmon mody plant species in the 

diets of kudus and impalas were significantly correlated in the 

early growing season whilst the goats differed by their greater 

■use of 8 . mtalenais and 0 . pulchra (Fig 4 .2 .)*  By the late 

growing season the proportions of these species were significantly- 

correlated for all the animals.

Throughout the growing and early dry seasons G . flavescens was 

highly favoured by all the animals. Hie impalas and kudus also ate 

the jib ad leaves of this species remaining on the bushes in the 

late dry season. The goats had a slightly, but not significantly, 

lower utilisation of this species in the -sarly growing season.

Another generally favoured plant was D. einerea. This species 

was eaten by all the animals in the growing season. The kudus and 

impalas in particular favoured this species and continued to use 

it well in to the early dry season.
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The kudus and goats utilised v . rehmannii in the growing 

season rather more than the impalas did. These two animal species 

also showed a high utilisation oE B. africana and 0 . pulchra in 

the early growing season. The impalas preferred to graze at this 

time of year. The kudus continued to feed on * .-second flush of 0. 

pulchra leaves in the late growing season, and fed avidly on the 

new foliage of this species when it emerged in September.

The kudus were the only species to eat C. zeyheri, and to a 

lesser extent ziziphus mueronata, in the early growing season. The 

goats preferred D. rotundifolia and L. discolor, and in the late 

growing season, R. pyroides. The impalas fed on Erythrococca 

menyharthii and three Acacia species significantly more than the 

goats and kudus did in the early growing season. The impalas also 

ate significantly more A. nilotica and A. toctilis than the kudus 

in the late growing season.

The species selection displayed in the early dry season was 

similar to that of the late growing season, but with the increased 

utilisation of evergreen species becoming evident. The proportions 

of the common woody species in the diets of the three animal 

species were no longer correlated due to the greater use of A. 

nilotica by the impalas and E. natalensls by the goats.

In the late dry season the kudus and impalas both ate much of 

the evergreen S_. pungens. The dietary proportions of the two 

animal species were significantly correlated, the goats differed 

mainly by their high use of E. natalensls. f.r^cies used in common
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by the impalas and goats were C. molle and the evergreens E . 

undulata, and C. biapinosa. A21 the animals showed an increase in 

the use o£ E. natalensls in the late dry season, but the 

proportion of this species in the diet of the goats Ear exceeded 

its use by the kudus and impalas* The goats, unlike the other 

animals, continued to eat this species well into the growing 

season. The kudus differed significantly in their use of D. 

lycioides and C. zeyheri in the dry season; they also made 

extensive use of the newly flushed leaves of D. lycioides in 

September when little other green browse was available. The 

impalas alone ate much T . sericea, but this species was eaten 

extensively as leaf-litter by both the impalas and goats.

b. Leaf-litter

Fallen leaves of three tree species, s. cocculoides, T . sericea 

and z . mucronata, accounted for half the lea£-litter eaten by the 

goats in tho dry season, and 80% of that eaten by the impalas. The 

kudus ate little leaf-litter but 60% of that eaten was from S, 

cocculoides trees. The kudus also ate the big leaves of C. zeyheri 

which were not favoured by the impalas and goats.

Besides the three dominant species the impalas favoured D. 

clnerea, s. pungens and A. tortilia litter in the early dry season 

and Strychnos madaqascariensls Utter  in the late dry season 

(Table 4 .4 . ) .  The goats ate significantly less S. cocculoides 

litter in the late dry season than in the previous season, having
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Table 4.4. Kw proportion ot the 'Jbtol Ptteding Tims (4) spent; Faedlng on Lea£ Litter.

1. Kudun

Early Growing Lata Growing Early Dry Late Dry

Species Sanson Season Season Season

n « 19 n « J9 n - 2t n ■> i7

Wean SE Rank Hean SE Rank Mean SE Rank Kean SB Rank

Acacia bofk#t

Asaffia caltra - - - - - - - -  - 0.12+ 8.12 6

Acacia nllotlca

Meela tortllls - - - - - - - - - - - -

Burkea aJrleana 

Coebretua apiculacixa

Coptoratua mile - - - - - - - -  - B.34J 8.28 3.5

Cotoretua leyhctl 1.MJ 6.S7 2

Dichrostashyts clnerea 6.34± 0.28 3.5

Ewobsya rotundijollo -

Eoelea naulensls 

Euclea undulata 

Crevia flavssrana 

Grewia owtirols 

Uiruwa discolor 

Ozoroa panlartasa

Rhuts loptodiee/S B.83i 0.03 1 - - - - - - - - -

Seiveosarya cattra -

StrychnoD cocculoldeo 4.69± 2.52 1

Stryehnos iwaagaocarlunsio ~

Stryehnon pungo-is

Terniriolla M.-Sr-eo p.^p. p,jj 5

Ximenis cattra

ZUlpmiB mucronaes - - ...............................- . p.ut p.n -r

Unidsr.tiliea 

Malzt- leaver



Table 4.4. The piofortion o. 

Ii. Impalas

i« total Feeding Tiwe (t) Spent reeding on lent Uttet.

Early Growing late Crowing Early Dry Late Dry

Species Seasos Season Season Season

ri ■» 23 n * 30 n ■ 34 n ■ 32

Mean SE Ran* Mean SE Rank Kean SE Rank nean SS Rank 

Acacia burkei - - - 0.02+ 8.02 1 - - - - -  -

Acacia cat£ra

Aeacsa nilotica - - - - - -  0.89+ 8.09 7 8.64+ 0.34 B

Acacia tortllls 0.71+ 0.59 3 0.39+ 8.24 7

Burkea aErlcaitt

CocSbcetuo aplculatin - - - - - -  0.23+ 8.12 5 8.24+ 0.17 9

Coobretus s»13e - - - - - - - -  - 0.06+ 0.04 11

CorSretic teyheri - - - - - - - -  - 0.05+ 0.85 12

Olehrostaahys Cinorea - - - - - -  B.23+ 0.12 5.5 1.02+ 0.56 i

Bombftya rctundifolia - - -  - - - - - - - - - -

Euslea rwtslensfs 

Euclea undulata 

Qrewla flavescens 

Crewla nontlcola 

Wnnda discolor 

Dwraa paniculosa 

Rhus leptodletya

Scleroearya ca££ra - - - - - -  0.0J+ 0.01 8.5 - - -

Strychnoo cocculeldeo 0.91* «’S2 2 - - - 7.86+ 2.96 1 12.23+ 3.34 1 

StryahnoB inadsgascarlonola - - - - - - - -  - 0.78+ 8.75 5

Strycwios pungenn

Tarmlnulia suricco P.31+ 0.2F 1 P.P1+ M l  'I-1' MP+ P.23 4 8.2B+ 2.71 r

Vltex rehmannii

Xlmenia catlre - - - - - - - - - - - -

Ziziptms oucronata 1.5H+ B.Bt' 2 ?.G*+ l!.7f 3

Unidentified - - - H.fl)? (‘.('1 S.r Ml* M l  8.!‘ P.11+ 0.07 IP

Maize leaviB p.28+ B.14 8



Table 4,4. Proportion o. 

ill. Coats

ic TOtol reeding Tine (I) spent feeding on leaf Litter.

Early Crowing Late crowing Early Dry Utte Dcy

Species Season Season Season Season

n « 19 n » 19 ft » 14 n « 17

Mean SE RanK Kean SC RanK He an SC Rank He an SB Rank

Acacia buckel

Aeaeia ceftra b.12* 0.12 6 

Acaeia nilotlea 

Acacia tortllis

Burkes atrianna 0.121 0.BB 9 - - -  - . _ - - -

Conbretun aplculatun - - - - - -  8.B6J 8,06 IB - - -

cocfaretua TOlle 8.13+8.13 7.5 - - - 0.70+0.54 5 0.99+ B.06 13

Ccobrewa wyheri B.B2+ 8,82 U.5 - - - 8.16+ B.;l 9 8.71+ B.38 7

Dienrostawys clnerei - - - - - -  0.38+ O.'JS ? - - -

Dcnbeya rotundlfolia 8.82+ 8,02 U.5 - - . . . .  6.29+ a.IS S.

Euclea natfllensis 1.23+ 0.72 l - - - - -  - 1.24+ 8.48 3

Euclea urelulaea B.36+ 8,3t

Crawla tlavescens - - - - - -  0.03+ 1J.83 11 - - -

Grewia nsntlcoJa 0.05+ 8.BS 14

Lanneo disrolor 6.84* 9.03 10 - - - - - - - - -

Omeoa paniculoas - B.13+ B.8B 12 

llhuo luptoiictya

Bclerocarya catCra 9.13+ 8.13 7.5 - - - 3.3B+ 1.98 4 - - -

Stryhnon cocuuloldea - - - 1.15+ 1.16 3 22.90* 4.39 1 8.82+ B.33 5 

Strychnoa nadiqascarlonBln - - - - - - - - - - - -

StrychnoE pungena f.lfi C - - - - -  - (I.13J 0.09 12.S

rcmlrtalia suricoa C.l^ K.27 * J.17+ l.M 1 o.p.j* y.-s j 17..^+ 3.4’’ 1

Ximenie caJtca B.l&i e.14 9

Zizipttui rajsronato - - - - - - 9.CJ+ 3.18 : 5.2$+ S.M 2

Unidentified Mfj P-4i* 3 1.70+ 1.0 : P.5m 8.2p 6 f'.'tt; P.S5 4

Maize UavoE 8.58* B.CI " - - - R.J“* p.IT' 1 P.7H+ fl,17 5

4-30C
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used up most of the fallen leaves available within their home 

range. In the late dry season the use of the ubiquitous T . sericea 

litter increased significantly. The goats ate a significantly 

greater proportion of T . sericea litter than either the impalas or 

kudus. The goats also began to eat some E . natalensis litter in 

the late dry season and continued to do so until December when 

plenty of green foliage was available. The kudus and impalas did 

not take E. natalensis litter.

None of the animals ate much B. aErlcana litter and no 0 . 

pulchra litter was seen to be eaten even tijdugh the fallen leaves 

of this species formed thick carpets under the plants.

c. Forbs

Fo bs formed only a small part of the diet of the animals used in 

this study. There was a great diversity of forb species within the 

study area. Approximatly 350 species were recorded in the 

enclosure for the tame animals, and there was much variation in 

abundance of species between the two years of the study. The kudus 

were seen to eat 46% of the species they erv mtered, the goats 

ate 39% and the impalas ate 27%. Consequently Individual species 

occupied only a very small proportion of the total feeding time. 

For this reason only major differences in the feeding preferences 

of the animals can be proven statistically.



4-31a

i rime Fiie>Hnq on P̂ rba (4) Wcupied By tadividual

;) » J 

.lean 3S Hat 

uual Analysts

Ute 5fswi 

Jeason 

i '  2

Early 3ry

Gvoivulus al3£itu!J&j 

Hemutfila grlsea 

Indlgofeca nacca 

justlcla Elava 

Oldetildndlj herbasei 

polUcfila canpestrls 

Slda cofdltoUa 

Solan® panducaefocwe 

Teffcrosla forbesll 

walthecU Irdlca 

OUier Species 

iVchyropsfs leptaaachya 

Ajashtsanthsouo bojeci 

Aloe davyoru 

Asparagus fcochananli 

Asparagus auaveolena 

BauJiInla macfanUta 

Beclua anguseiffenum

S.72* 0.35 18 

*.54± 0.S4 24 

3.67* 3.57 aa 1 J2.83f.76 3

5.76* 3.57 6 

S.98; 9.96 9

1.1.89+ 2-71 3 

3.32* 0.18 a  

tf.W d.22 3»

6.93+ 1.89 7 

7,42+ 6.38 6

S.I0t 3-54 

19.-3 5.0

8.37i 0.37 13 

22.23*11.96 2 

2.90t 2.9B a

2.04* 1.70 14 8.59* 2.96 J

0.54* 0.94 17 

3S.22+18,84 1

O.JJt 9.13 44.5 - - - - - -  0.1S+ 0.IS 16

2.89t 2.7S 9 

1.23* 3.86 16 

4.49t 2.2S 6

a,B7t 0.87 49.5

■'laphariB noderaapatenaia 8,42* 9.42 28.5 8.55+ 8.38 1.

Booj*iane dlatlcha 

Casuta capenals 

Chnutacanthua eoitatug 

ConneUrui afrieana 

ConmUna ecklanlana 

comellna arecea 

Crabtaa hlrwta - - -

SJufhantorrbiM obligua 14.09* 9.81 1 

FaOogla monticola 

Felicia £asclcularla 

Gladeolus cC. calcartua

3,12i a.12 47.S - - -

7,991 3.97 4 7.49± 0.53 5

13.31+ 4.64 2 fl.73t 0.7a 23

3.9Sf 3.04 7 2.47* 8.85 12

« - - 0.86* 0-06 29

8.05+ 0.35 S3.5 t).lBt 0.18 27

- - - 0.J6t 0.36 24 

a.91t 8.91 18

1.aat 8.89 11 '

2 .m  1.21 8

0.58* 0.58 14.S

0.52+ 0.26 52 

0.19* 0.39 43

* i

5.74t 1.85 8 .26+ 2.14 6

.36* 7

33.98*23.45 1

8.41+ 0 .5

0.13* 8.13



Teble 4.5 Continued.

Hsoizygia pstrenals 

HennannU boraginlllora 

Hermbstaedcta odorata 

Hypoxls obtusa 

Irrilgofera conosa 

Indlgofers nebcowniana 

Indigotera vicioides 

Ipoiwj obscure 

Jusclcla anajalloldes 

'■istiols incerta 

Justicta reimna 

OosUcia spe'.ijulaeEoSla 

LanMna fî osa 

Uppea Jnvanlca 

Heffeoi.i erJdencati 

C'juntia ficuŝ irdlco 

pavonia transvaalensi? 

plixtoago zeylanlca 

RapMotwaw burkel 

RJiyncbosla longjflors 

;Toell.i« cvrdata 

Sslicia rsrtnannU 

SohV.uhrla plnnata 

Senecio inaegutdens 

Senecio venoBus

SoJa/xra coccliteum 

Solanom soafotthienusi 

SphotJaomooarpus prurlens

Tephrosla longlpes 

Tepftrosia luplnStolla 

Thanbergia neglects 

TrluiitetW pentandfa 

TrluMetta sondarl 

Vernonia t>ligoc.-epli5!.a 

UnidentUled 1 

UnWsntSfted 2 

Unidsntifled 3

a.20+ 

9.96+ S SI.S - - 

17 0.78+ 0.78 1

0.31+

2.47+

2.17+

3.89+

13

8

16 25 - - - - - -

61 9 0.72+ 2.61 12 - - -

I 7.15+ 4.46 4 9.83t 7.59 4

53- - - - - - -

0.10 3

B.J4* 0.24 38.S - - - - - - - - -

- - - - - - - -  - 0.38+ 0.38 12

0.68+ 8.68 23 2.?$* 2.57 IB 8.31+ 0.31 20 - - -

- - - 9.92+ 9.81 2 - - - - -  -

0.07+ 0.07 49.S - - - - - - - - -

B.13* 8.23 40 - - - 0.S8+ 0.58 14.5 - - - - 

0.76+

0.45+

2.67* 2

B.04+ 8.04 55 «.82+ 1.82 15 - - - 3.73+ 3.73 6 

0.24+ 0.24 38.5 - - - - - - - - ­

0.42+ 0.42 28.S » - - - • - - 9,73+ 9.73 5 

0,22+ 0.22 41 - - -  - -  - -  - -  

- - - - - - - -  - 0.29+ 0.29 14

0.15+ 0.15 44 - - -  - -  - -  - ­

0.35+ 0.35 32 - - - 0.55J 0.55 16 - - * 

0.12+ 0.12 47.5 - - - 0.C9+ 0.50 13 - - - 

0.45+ 0.45 26.5 - - - - - -  0.61+ 0.61 10

6.72+ 3.64 5 0.08+ 0.08 28 0.1S+ 0.15 22 0.47+ 0.47 11 

8.05+ 0.05 33.5 - - - - - - - - -

- - - - - -  1.91+ 1.91 9 - - - -

- - - - - -  1.37+ 1.J7 10 - - -
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Table 4.5. The Proportion o£ Che Time Spent feeding on Forbs <t| Oreupiej by Inllvidual

Early Crowing Late Crowing

SB Rank Mean SE Rar« Mean SE

2.32* 1.58 11 

0.13* 0.23 36

5.70* 1.73 5 

B.lfi* 6,16 34.5 e.»+ 

4.85*3.18 6 

1.48* 1.4S 18 

3.27+1.39 9

Species ,. <lwcted Cor Qvsmtcal XnalysSa 

Gwolvu- •' alsinoides 2.34* a.34 29 

Henaonnia grlsea 

Indlgofsra naera 

Justlcia flava 

Oldenlandia herbscea 

PalUehla caapestris 

Sida eotilfolia 

Solans panSiiraeforne 

Tepftroala fortvsll 

Weltlisrla Indies 

Ocher spesies 

AcanthosicyoB naudirilaii 

Achyrantheo sicula 

Agathisajith bojeri 

Asparajua buchanonii 

Asparagus euavrolens 

Eaclum angjstUoliiM 

Breyulinea donso 

Cassia caixnsla

Dtcerocaryun

Clephantorrh

1.3&* J.3B 113

9.39+ 6.13 2 

B.16+ a.IB 28

36.62

1.41+1.4119 - 

1.89+ 1.89 13.5 2.61

8.99+ 4.60 3 e.42* 0.43 1! 

1.8B+ B.64 16 - - •

3.73+ 2.73 5

3.3?+ 2.0B 8 

6.14+ B.14 21 

3!i+ 1.35 IP

.t9+ 0.B& 25.S 

.04+ 4.B4 6

0.90+ 3.90

1,
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Table 4.5. Continued. .

Compfrretia celoslaides 

Hermannia boraginlElora 

HBfmbscaedtla odorata 

Hibiscus Beeusel 

Hibiscus subrenlforais 

indigoEera daleoides 

Iposea ct&cura 

Jacrophs zeyheri 

Justlcis incerta 

Justlcli sSnloa 

Justicla spergulaefolie 

Lantana rojosa 

Lippsa javanioa 

Herreola eridentata 

pavonla transvaalensis 

PentarrWnuo inslpidna

phyllar.thus parvolos 

Plottage zcylsnlea 

PcO>gala spheooptcro 

Poreolaea quadritida 

pterocoecus africana 

Rhynehosla venulooa 

Sida chrytontha 

Solan no coccineuft 

Solanum Incanun 

Trochoneria maerocarpo 

Vernonla oligocephala 

WildentlEied 1 

Unidentified 2 

Unidentified 3

0.2BJ 0.28 32 - - -  - -  - -  - ­

0.81+ 0.81 2S - - -  - -  - -  - -  

- - - - - - - -  - 0.29+ 0.29 10

- - - 1.39+ 1.39 9 - - - - -  _

1.21+1.2121 - - - 0.24+ 0.24 18 - - - 

1.89+ 1-89 13.5 - - - - - - - - ­

6.07+ 0.67 37 - - - 0.20+ 0.20 19 - - - 

4.66t 2.48 7 - - - - - - - - -

23.B6+ 7.94 1 0.84+ 0.04 23.5 - - - 4.88+ 4.80 4

B.47+ 0.47 27 - - -  - -  - -  - -

- - - 0.87+ 0.07 14 S.11+ 0.1 23 - - - 

1.38+ 0.90 20 0.02+ 0.02 2S 0.05+ 0.05 27.5 33.93+33.84 2

1.B1+ 1.81 2 4 -  - - - - - -

2.96+ 2.96 10 1.17+ 0.8S 11 0.61+ 0.6i 14 -

{ 1.74 8 - - - -

- - 0.28+ 8.28 17 -

110.65 3 k’.64+ 6.64 13 -

e.68t 0.6B 18 - - - -

8.20 32

3.64t 3.64 0 P

2.04+ 1.18 12 0 

0.20+ 8.12 32 -

- 0.28+ 0,28 11

0.89+ 0.89 25.5 

0.53i 0.53 15

94+ 0.94

ISt 0.35



ie Time Spent Feeding on 

forb Species.

Early Growing late Growing 

Season Season

s 14) occupied by individual

Early Dry 

Svason

Rank Hean SE Rank Mean SB Rank

2M1+J1.66 1 

1.95+ 1.95 13

4.99+ 4.B4

Species Selected foe Cionical Analysis 

Evolvulus alslnoldes 14.56+14.56 3 

Hemarmla grisea 

Indigofera naera 

Juscicla fjava 

Oldenlandla herbacea 

Polltchla ceapestrla 

Slda cordtfolio 

Solamm pdnduraeforne 

Tephrosla forbesii 

Ifelttarie Indies 

Other Species

Achyropsts leptostachya 1.64+ 1.64 9 

Achyranthea slcula - - -

Asdepiaa burchollii 

Asclepias frutieosa 

Asparagus buchananll 

Asparagus suawoleno 

Bauhtnla macrantha 

BeeInn angustiEoliun 

Blciiiaris madaraspatons

Cassia capensis 

Cleoms maculate 

Comnellna atricana 

Comnellna erccta 

Corchorus kirkil 

Crabbsa htrsuta

3.8S+ 1.19 5

1.30i 0.53 16 11.16t 6

3.95+ 3.95 9 0.B1+ 9

5,63+ 2.B2 5 - - - 3,02+ 2 

0.15+ 0.15 - - - -

19.54+11.Ep0 2 IS.82+ 3.96 3 2.f-8+ 1

0.254 0.25 25.5 0.05; 0.95 31.5 1,

I 2 23.63+ 4.SI 2 

L 24 - - - 

1 4 31.95+13.65 1

73 5 1.80± 0.84 6 

29 6 17.96+ 8.67 3

27.63+JS.53 1 0.6S+ 

0.12+ D.12 28 68.12+ 2

3,14+ 3.14 7 - - 

2.85± 1.04 12 7.98+ 7.9B

1.4

0.561 0.38 20.5 •

0.73+ 0,S1 29 0.B3* 0.03 29.5 0.23+ 0.1. 15

2.62+ 1.73 '

0.05+ 0-05 30.5 0.96+ 0.06 30 - ■

2.43t 2.96 8 9.051 0-05 31.5 - -

- - - 9.211 9-21 24 - - - - -  - 

- - - - - - - -  - S.S5t 9.55 32

- - - - - - 0.59+ 0.59 11 - - -

0.20+ 0.20 H
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Table 4.5. Continued. . .

Di corns sacrocepbalo - - - - - - 0.03* 0.03 20.5 - - .

Pellols tascleularls 0.65* 0.58 IB - - - 0.03* 0.03 20.5 - - -

Felicia murlcata 0.09+ a.09 15 _ _ _

Gladeolus cf. calcartus - - ~ 8.54+ 8.54 23 - - - - -  -

Hermbstaedtla odorata 6.56+ 8.S6 20.5 1.65+ 1.3V 14 - - - - _ _

Hypoxis obtusa a. 73f 0.74 17 - - -  - -  - -  - -

Indlgo£era daleoides - - - 1.67+ 1,43 13 9.17+ 0.17 13 0.15+ 0.15 17

Ipomea obscura 0.21+ 0.21 27 - - -  - -  - -  - -

Ajticid incsrto 0i25j. BiU l2 a>69t 0>g9 9

Justlcla nlnliu - - - - - -  0.85+ 0.05 16 - - -

Kalanchoe panieulata - - - 0.91+ 0.53 17 - - - - -  -

KohautU vlrgsca - - - 0.09+ 0.08 29 - - - - -  -

Lantana rojosa - - - 8.16+ 9.16 27 - - - - -  -

Uppea Javanlca 9.54+ 0.54 10.5

Helhanla ptostrata 0.08+ 8.08 3B - - -  - -  - -  - -

MerrefflU erldentata - - - 15.92+19.02 2 - - - - -  -

Pencarrhliura Iralpldum 0.681 0.42 19 5.16+ l.BB 4 - - - - -  -

Phyllantbus pervulus 1.58+ 1.58 10 - - -  - -  - -  - -

Portulaca quadflfida 8.9B+ 0.90 14.a - - - - - - - - -

Pter&coccus aEricana • - - 2.30+ 2.30 11 8.74+ S.49 B - - -

Rhynchoaia confusa 8.15+ k.15 28.5 1.62+ 1.5S 15 - - - - -  _

fiftyncftoala loojIClon - - - 0.19f 9.19 25 - - - - -  -

Rhynchoaia v*nulosa - - - 0,59+ s.59 22 - - - - -  -

Ssnucio Inaeqaldens 0.2BJ 0.26 24 2.79+ 1.55 9 - - - - - -

Bids alba 0.05t 8.85 30.5 - - - - - - - - -

StJlanuo cswelneuo 1.44J 1.09 11 - - - 8.67± 8.67 10 0.43t 8.43 13.5

Solamm Incarnm 8.34+ 0.34 23 - - -  - -  - -  - -

SphodaraneearpUB prucienn - - - - - - - - -  8.72+ «,72 8

Talinum csf£rtm 8.86+ 8.66 16 - - -  - -  - -  - -

Trlmletu scnOur! - - - - - -  9,03+ 0.93 2B.S - - -

Vsmonla ollgoceptiola - - - 8.61+ B.61 21 - - - 1.B4+ 1.B4 7

unidentified 1 - - - - - -  0.u* j.y  14 _ _ .

Unidentified 2 B.43J B.43 22 - - - - - - 8.43+ B.43 13.5
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i„ Kudus

The major forb species in the diet of the kudus in the early 

growing season were pollichia campestris, Chaetacanthus costatus, 

and Elephantorrhiza obliqua, all of which occupied over 10% of the 

time spent feeding on forbs {Table 4-5.i . ) .  Other important 

species were Cassia capensis and Vernonia oligocephala. In the 

late growing season the use of Justicia flava and Waltheria indica 

increased significantly. C. capensls, and P. campestris conti"'iP<3 

to be well eaten along with Justicia minima, plumbago zeylar 

and sida cordifolia. These species with the exception of C_. 

capensis remained as the major forb species in the early dry 

season, with W. indica and S_. cordifolia being the most utilised 

species. Together these two species accounted for half the time 

spent feeding on forbs. The use of P. campestris and J .  flava 

decreased towards the end of the dry season, but otherwise the 

species eaten remained similar throughout the dry season, only the 

perennial forb Lippea javanica showed an increase in utilisation.

i i ,  Impalas

The £orb species occupying the greatest proportion of the feeding 

time of the impalas in the early growing season were J .  minima. 

Asparagus suaveolens, _C. costatus, £ . campestris and J . Hava 

(Table 4 .5 .i i ) .  P. campestris was also eaten iri the late growing 

season along with pavonla transvaalensis, W. indica, and s . 

panduraeforme. The latter two species accounting for 64% of the 

time the impalas spent eating forbs in this season, in the early
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dry season there was a significant increase in tho use of W\ 

indica until it became the dominant forb in the diet at 50% of the 

forb eating time. p_. campestris continued to be well eaten along 

with h , grisea,and T. forbesii. In the late dry season W. indica 

remained as the most important ?ood species along with L. javanica 

and to a lesser extent S. cordlfolia.

i ii . Goats

In the i -ing season the forb species eaten most by the

goats were ... *ses, P. campestris, A. suaveolens and Evolvulus 

alsinoides {Table 4 .5 . i i i .) .  P. campestris continued to be eaten 

throughout the year until the late dry season when there was a 

significant decrease in utilisation as the plants dried out. T. 

focbesii formed 27% of the late growing season diet of forbs, 

significantly more than at any other time. M. tridentata was also 

eaten in this season, in the early dry season W. Indica and H_. 

grisea formed a significantly greater proportion of the feeding 

time than any other forb species up to 68% of the forb eating time 

being devoted to W. indica. The goats continued to utilise these 

two species throughout the late dry season together with S. 

cordifolla and the leafless green stalks of J .  flava.

iv. Comparison between the Animal Species

The dietary proportions of forb species by the three animals 

generally did not correspond very closely, nor for the common 

species on a seasonal basis (Fig. 4 .3 .) .
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P. campestris was well eaten by all the animals when it was green. 

justicia species also appeared to be generally favoured but were 

of patchy distribution and not always encountered by the animals.

In the early growing season c . costatus was favoured by the 

kudus and Lnpalas but not encountered by the goats. Similarly E. 

obllqua and V. ollgocephala, both favoured by the kudus, did not 

occur within the home range of the goats. The impalas did not 

favour these two species. The thorny forb A. suaveolens was 

utilised more by the impalas and goats than by the larger kudus. 

The goats alone had a high utilisation of H. grissa and E. 

alslnoides.

In the late growing season the animals differed in their use 

of many species, in particular much S. pandutaeforme and W. Indica 

was eaten by the impalas. The goats differed in thfalr utilisation 

of T. forbesii and the kudus in eating much J . flava and several 

species not available to the goats.

P. campestris and especially W. indica were important as food 

plants to all the animals in the early dry season. At this time 

the species utilisation by impalas and goats was significantly 

correlated, but the kudus dififerred in their higher use of J» 

flava.. and S. cordlfolia.

The diets of the kudus and impalas were significantly 

correlated in the late dry season when both species favoured the 

stemmy, perennial forbs, L. javanica, S . cordifolia and W. indica.
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Early Growing Season 
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Pig 4 .3 . A Comparison of the proportions of Forb Species in the

Diets of Kudus, impalas and Goats,
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Diets oC Kudus, Impalas and Goats,
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Diets o£ Kudus, Impalas and Goats,

iv. Late Dry Season.
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The goats used less of these species, instead they ate more J_. 

£lava and the perennial H. grisea.

4 .4 .3 . Species Selection Selectivity Ratio

The woody plant species with the most foliage below 2.5 mv and 

hence available to the large herbivores,was the shrub 0 . pulchra. 

This plant occurs in thickets and accounted for over half the 

available biomass of woody browse material in the enclosure at the 

peak of the growing season. The shrub G_. flavescens and the 

dominant tree S. africana accounted for a further 25% of the 

available tiomass, while trees of T . serlcea, D. rotundifolia and 

two Acacia s. 'cie‘5, A. nilotica and A. tortilis, were also 

abundant.

a. Similarities between the Animal Species

When the relative quantities of each brcwse plant species eaten 

during the late growing season were compared with the available 

biomass of foliage of these species certain patterns of preferenca 

emerge. The plants were classified into three groups; selected 

species were of greater abundance in the diet relative to the 

environment:, non~selected species fonaed a smaller proportion of 

the diet in relation to their abundance in the environment, while 

species occupying a similar proportion of the diet to their 

occurrence in the habitat were classified as intermediate. Fairly 

equal numbers of the rare woody plant species fell into the 

selected and non-selected categories (Fig 4 .4 . ) .  Species preferred



I <1

Fig 4.4. The Relative Abundance of Woody pjanc Species in the Babitet Ccmpared to the 

Proportion in the Diets of Browsing Ungulates in the Late Growing Season 

( Selectivity Rititj )
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AB = Acacia burkei

AK = Acacia karoo

AN = Acacia nilotica

AT ■ Acacia tortilis

BM = Bridelia mollis

BA = Burkea africana

CG = Canthium gilfillanii

CB = Carissa bispinosa

KT = Cassine transvaalensis

CA = Combretum apiculatam

CM = Combretum nolle

CX = Combretuc zeyheri

DC = Dichrostachys cinerea

DL = Diospyros lycioides

DR = Dombeya rotundlfolia

ER » Ehretia rigida

EM = Erythrococca menyharthii

EC *  Euclea crispa

EN = Euclea natalensls

EU = Euclea undulata

GS *  Gardenia spatulifolia

GB = Grewia bicolot

Plant Spsciss Code:- GL = Grewia flava 

GF = Grewia fiavescens 

GM = Grewia monticola 

LA *  Lannea discolor 

LB = Lannea edulis .

MT = Maytenus tenuispina 

MS = Mundulea sericea 

OP = Cchna pulchra 

OX = Ozoroa paniculosa 

PC = pappea capensis 

PA = Peltophorum africanum 

PJ - Pseudolachnostylis 

maprounifolia 

RL = Rhus leptodictya 

RP = Rhus pyroides 

MO *  Sclerocarya caffra 

SL «  Securidaca longipedunculata 

SC *  Strychnos cocculoides 

SP *  Strychnos pungens 

TS = Temlnalla sericea 

VR = Vitex rehmannii 

XC a ximenia caffra 

ZM = ziziphus mucronata
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by all Che ungulates were the Rhus species, two of the three 

Combretum species, Ehretia rigida, Ecythcococca roenyharthii and 

_L. discolor. Species eaten in similar proportions to their 

availability were the abundant species, G. flavescens, and cwo 

less common species, Maytenus tenuispina and Securidaca 

longipedunculata, Neglected species included 0 . pulchra, the three 

less common Grewia species, Acacia karoo, Mundulea sericea and two 

evergreen species Gardenia spatulifolia and Ximenia caffra.

b. Differences between the Animal Species

The selectivity ratios of the comnon woody plant species for the 

three animal species were not significantly correlated {Fig 4 .5 . ) .  

This was mainly due to the apparent selection for E_. natalensis by 

the goats. There are also differences in the selection of less 

cornnon woody plant species.

i .  Kudus

The kudus selected PSGudolachnostylis maprounlfolia and Lannea 

eduxis which were not encountered by the impalas and goats in the 

late growing season. B. africana and c. zeyheri were eaten in 

similar proportions as they were encountered by th-i kudus but were 

not eaten much by the impalas and goats.

ii. impalas

The impalas ate a greater proportion of the common thorny Acacia
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species and Z. rnucronata than did the kudus and goats for which 

these thorny species were non-selected. The impalas also had the 

strongest selection for the spiny plant D. cinerea. T. secicea was 

eaten most by the impalas, but V. rehmanni, a selected Eood plant 

of the kudus and goats was not favoured by the impalas. The 

impalas alone encountered Cassine transvaalensis, Acacia burkei, 

_S. caESra and Canthium gllfillanii, all of which were favoured.

i ii . Goats

The goats selected several evergreen species, including S . pungens 

and the three Buclea species. These were rarely, if at all, eaten 

by the kudus and impalas when deciduous plant were available.

4 .3 .4 . Species Selection: Acceptance value

a . Behavioural Observations

The acceptance value of a plant species rarely reached 100%. This 

may be because the animals eat a wide variety of plant species and 

are possibly less likely to eat a plant if it is encountered soon 

after eating a plant of the same species. Whether or not a plant 

is eaten must also be influenced by the presence of neighbouring 

species of different palatability to the herbivore.

During a feeding bout the animals tend to feed on one level; 

for example when feeding in the herbaceous layer the animals may
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Late Growing Season 

n * 14 r = 0.2,1

Late Growing Season 

n - 13 r - 0.896***

e Growing Season 

‘ 13 r - 0.397

Pig 4.S. A Comparison o£ tha Selectivity Ratios of Kudus, Impales 

and Goats In the Late Growing Season.
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ignore many woody plants in passing. This was particularly evident 

for the impalas which spent much time grazing. The acceptance 

value may also be influenced by the foraging patterns of the 

animals. Generally the goats scored higher acceptance values for 

many species than the kudus because they forage slowly over a 

small area. The kudus, -in comparison, were .Tore mobile so possibly 

missed plants would have been eaten by an animal moving more

slowly through tfit area. Consequentially it is not valid to 

compare ths acceptance values for a plant species by different 

animal species numerically,

b . The Acceptance of the Common Woody Plants Species Selected for 

Chemical Analysis

i. Kudus

In the growing season the kudus had a high acceptance of G. 

flavescens, D. clnerea, and Vj rehmannit (Table 4 .6 .i . ) .  Species 

eaten only when in new leaf were 0 . pulchra, B. africana and D. 

rotundifolla. The acceptance of 0 . pulchra increased temporarily 

in January when a second flush of new leaves oc> .»rred following 

defoliation by caterpillars. The two Acscla species and C. molle 

were of moderate acceptance to kudus, p. afrlcanum and the 

evergreen B. natalensis were of lowest acceptance. The other two 

evergreens _S. punqens and R. leptodlctya were of moderate 

acceptance in the early growing season but of low acceptance in 

the late qcowtng season when food was most plentiful.
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The foliage of most deciduous trees was still available to the 

browsers in the early dry season. The species favoured by the 

kudus remained the same as in the growing season, but with a 

significant increase in the acceptance of v . rehmannli. The 

acceptance of R. leptodictya also increased and it became a 

favoured plait throughout the dry season. The other evergreen 

species which have much tougher leaves than R. leptodictya 

remained of low acceptance in the early dry season. In the late 

dry season when most of the deciduous plants had shed their leaves 

the kudus significantly Increased their acceptance of most species 

refraining some leaves. The dried leaves of the deciduous species

C, moile, T. serlcea, and V. rehmannli were of high acceptance to 

the kudus, but the most noticeable change was the marked increase 

of the evergreen species S . pungens and natalensis. of these 

two species S_. pungens was the most favoured. Even in the late dry 

season when food availability was at a minimum the kudus did not 

eat P. africanum. The dried leaves of D. rotundifolla, B. 

afrlcanum and 0 . pulchra were also of low acceptance. In September 

the new leaves of 0 . pulchra emerged in advance of most other 

woody species and were readily eaten by the kudus, the acceptance 

of these new leaves was 57%.

i i .  Impalas

In the growing season the impalas had a high acceptance for G. 

flavescens, D. clneren and, unlike the kudus , for A. nilotica and 

T. sericea (Table 4 .6 . i i .) .  A. tortilis was favoured in the late 

growing season but was of rather low acceptance in the early



growing season. The evergreens R. leptodictya and S. pangens were 

selected in the .sarly growing season when the deciduous plants 

were dtill leafing out. By the late growing season the acceptance 

of these two species had decreased and was similar to that of the 

intermediate species C. molle and V. rehmannii. Some immature 0. 

pulchra leaves were eaten but generally 0 . pulchra, B. africana,

D. rotundifolia, p. africanum and E. natalensis were of vei:y low 

acceptance to the itrpalas dur.ng the growing season.

In the early dry season the acceptance of the impalas for D. 

cinerea and the Acacia species decreased while the acceptance of 

the broad leaved species c . molle, R. leptodictya and v. rehmannii 

increased. The species showing an increase in acceptance, plus D.. 

cinerea and G. flavescens, were the favoured species for impalas 

in the early dry season. The Acacia species, T. sericea and S. 

pungens were of moderate acceptance and the remaining five species 

continued to be of low acceptance. The species favoured in the 

late dry season were similar to those of the early dry season but 

with the addition of S . pungens and E. natalensis. The acceptance 

of these two thick leaved evergreen species increased 

significantly when the availability of deciduous leaves declined. 

Like the kudus the impalas favoured S . pungens over E. natalensis. 

The acceptance of the dried leaves o£ T. sericea also increased.

i ii . Goats .

In the -?arly growing season the goats had a high acceptance for 

the two Acacia species, §. africana. D. rotundifolia and 0 ,
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pulchra whi h wees only eaten when in new leaf, and for E, 

natalensis which had been a staple food plant in the dry season 

and continued to be used in the early months of the growing 

season. P. africanum, T . sericea am! C. molle were of low 

acceptance to the goats in the early growing season (Table 

4 .5 . i i i .) .  By the late growing season the patterns of acceptance 

of the goats had changed. The acceptance of B. africana, 0. 

pulchra, _D. rotundifolia and E. natalensis had decreased 

significantly while that of G . Slavescens and C. molle had risen 

significantly. The favoured plants were now C. molle, R. 

leptodictya, G.. davescens, D. cinerea and V. rehroannii. Tht 

Acacia species, T . sericea and _E_. natalensis were of moderate 

acceptance and S_. pungens, P. africanum and those species eaten 

only when in new leaf were of low acceptance.

With the onset of the dry season the acceptance of the 

deciduous plants, D, cincrea and G. flavescens, decreased 

significantly and the acceptance of E. natalensis rose. The 

favoured plants in the early dry season were C. molle, R. 

leptodictya, E. natalensis and particularly V . rehmannii. The 

microphyllous species, A. nilotica, A. toctilis and D. cinerea 

were all of low acceptance to the goats in the dry season. In the 

late dry season the home range of the goats showed signs of 

depletion. Trees of A . nilotica, A. tortilis, D. cinerea, C. molle 

and T. sericea nolongsr retained many leaves within reac^ of the 

goats. The acceptance of E. natalensis increased very 

significantly. This species together with R. leptodictya and V. 

rehmannii comprised the favoured species. S. pungens, G.
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G. glavescens and D. rotundifolia were also of fairly high 

acceptance. The goats, in contrast to the kudus and impalas had a 

higher acceptance for E . natalensis than S. pungens,

iv. Comparison between the Animal Species

Within each season the plants fell into three major groups, 

favoured, intermediate and non-preferred, based on their 

acceptance by browsing ungulates; within these groups are some 

species which are eaten increasingly in the dry season and other 

which are only eaten when in new leaf. Common woody plant species 

generally favoured in the early growing season were D» cinerea, G. 

flavescens, v. rehmannii and the two Acacia species, but the 

acceptances of the three animal species were not always 

significantly correlated (Fig 4 .6 . ) .  The acceptance of the Acacia 

species by the kudus was lower than that o£ the other animals, but 

for V. rehmannii che acceptance of the kudus was higher. T. 

sericea was of high acceptance to the impalas alone and E. 

natalensls was favoured only by the goats.

3. africana, O .pulchra and D. rotundifolla were eaten only 

when in new leaf. These temporary food species were of highest 

acceptance to the goats and of lowest acceptance to the impalas 

which ate very little browse at this time of year.

In the late growing season the favoured species remained the 

same as in the early growing season. The acceptance values of the 

kudus and goats were ificantly correlated, but the impalas



still had a lower acceptance for V. rehmannii than did the kudus 

and goats although the difference war less than in the previous 

season. The goats had a higher acceptance for C. molle, R. 

leptodictva and E. natalensis than the impalas and kudus.

The acceptances of woody plant species by kudus and impalas 

were significantly correlated in the dry season, the goats 

differed slightly in their selection of plant species. In the 

early dry season the acceptance of the animals for the Acacia 

species decreased, D. clnerea, G. flavescens and V. rehmannii 

remained as favoured s ec ies , the impalas now having a high 

acceptance for the latter species. FU leptodictva was also of high 

acceptance to all the ungulate species. C. molle was favoured by 

the impalas and goats but was only of moderate acceptance to the 

kudus. The goats alone had a high acceptance of T. sericea and the 

two thick leaved evergreen species, 12. natalensis and S. pungens. 

These species were only eaten by the kudus and impalas in the late 

dry season when the availability of deciduous leaves was at a 

minimum.

In the late dry season the favoured plants were the deciduous 

plants G. flavescens and _V. rehmannii which retained the dead 

leaves on the branches, and the evergreen species R. leptodictva 

and s . pungens. The goats alone had a high preference for E. 

natalensis. Of the three evergreen species the animals all had a 

higher acceptance for the thin leaved R. leptodictva than for the 

thick leaved species. The kudus and impalas favoured ji.. pungens 

over E. natalensis. but for the goats the reverse was true.
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Throughout the year all three ungulate species had a very low 

acceptance of P. africanum and the mature leaves of B. africana,

D. rotundifolia and 0 . pulchra.

c. The Acceptance Other Woody Plant Species

Several of the less abundant species exhibited high acceptance 

values, but for many this was probably an effect of small sample 

size.

i . Kudiis

The Kudus had a high acceptance for C. zeyheri and E_. rigida 

throughout the growing season (Tables 4 .7 a .i . & b . i . ) .  W e  

acceptance of S . lonqipedunculata, 2_. mucronata, and S_. 

cocculoldes was also high especially in the early growing season. 

The three less coinnon Grewia species, G_. bicolor, G_. flava and G. 

montlcola, were of low acceptance as were A. burkei and most of 

the evergreen species. The kudus continued to favour C. zeyheri in 

the dry season along with B. menyharthii and S »longipedunculata. 

In the late dry the acceptance of many woody plant species 

increased,, including that of G. bicolor and G. monticola but not 

G . flava. The acceptance of several evergreen species increased, 

the most favoured of which was E. undulata. At the end of the late 

dry season the first plant to produce new leaves was D. lycioides; 

although tiny, these leaves were of high acceptance to the kudus.
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Table 4.7.a. lfce Seasonal Acceptance Values of Woody Plant Species ti 

Chemical Aneiyeie

Early Crowing Lace crowing Early Dry Late Dry 

Season Season season Season

tAcc n Class tAcc n Class %aco n Class Wcc n Class

Acacia burkei

Caflssa blnpinosa 

Conbcetum zeyherl 

Dlcapetalum cymosuti 

Dlospyros lycloldes 

Erythrococca menyhartlilt 

Ehretia riglda 

Eoclea undulata 

Grevla bicolor 

Grewia tlava 

Crewla rontlcola 

Larvtea discolor 

Unnea edulis 

Strychnos coeculoidos 

Securldaca 

longipedunculata 

Zlzlphus IK

Class a - Highly favoured 

B = Favoured 

C * intermediate 

D ■ Less favoured 

E « Non-Eavourod

Acceptance - 40+



Table i.7.a. '

11, impalas

Acacia h'.'Vel

Carlssa bispinosa 

Dicapetalim cymoswi 

Diospycos lycloldes 

Erythrococca menyharthli 

Ehrstia ilglda 

Guclea undulata 

Grewla blcolor

Grew]a nontlcola 

Lawm i discolor 

SCrye nos cocculolde? 

Secur.’daca 

longlpodunculata

ie Seasonal Acceptance Values of Woody plant species Kit Chosen Ci 

Cnemlcal Analysis

Early Growing Ute 

Season Se;

iACC n Class Hcc

Stowing Early Dry Late 

son Season Sea:

» doss Vtcc n Class lAcc

Class A » Highly favoured 

B « Favoured 

C - intonoedlate 

D “ Loss favoured 

E * tttn-tavoored
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TabJe 4,7.b. The Seasonr' •ceptance values of Woody plane species u 

Chsoical Analysis

Early Growing 

Season 

4Acc n Class

Acacia burkei 

Bridella mollis 

Catrissa blspinosa '

Dicapetalun cyraostfo 

Dloapytos lycloldes 

Erythroeocca raenyfiartiiU 

euclea undulata 

Grevi* bicolor 

Grewla flava .

Grewla osntlcol*

Unnea discolor !

Strychnos cocculoldes

Lace Growing Early Dry 

Season

Late Dry 

Season

Acs n class 4Acc n Class %Acc n Class

Class A ■ Highly favoured 

S » favoured 

C • Intermediate 

D •  Less favoured 

E - tort-favoured

Acceptance - 49+
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Table 4.7.b. The Acceptance Values of the Less Cornnon Woody 

Plant Species Bncounte ed Less than 15 Tines in Each Season.

1. Kudus

Species Growing season Dry Season

tAcc n Class iacc n Class

Acacia caffra 

Acacia hebeolada 

Barlerle bremeksw?' 

Bequawtlodeiidron 

magellesnontanum 

Bridelia mollis 

Cjnthiim gJlfillanii 

Casslne tranavaalensls 

Conbretuo aplculatun 

Croton qratisslmus 

Euclea crispa 

Gardenia spatuitColle 

Hsytenus tenuisplns 

Hunduieo sericea 

Oioroa paniculosa 

pappes capensls

protea Milvitschll 

pseudolachrestylle .

oaprounalfolio 

Pygnaaotliamus zeyheri 

Rhus pyroides 

scleroearya caffra 

Securlnega vlrona 

Strychnos madagancarlensis 

Tarohonanthuo camphoratus 

Vangi>-«rls infaustra

71 A

0 4 -

2

Xlmenla caffra

Class fi « Highly favoured 

B ■ Favoured 

C * Intermediate 

D = Less favoured 

£ “ (tort-favoured

i -

4 -

I -

fl 3

2 -

2 -

a is
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Table 4.7.b. The Acceptance Values of the Less Coraron Woody 

Plant Species Encountered Less than IS Times in Bach Season.

Growing Season Dry Season 

%Acc n Class Mcc n Class

Acacia hebeclada

BarlerU dcaneksnpl

Bequaertlodendron

magallesnontamni

Bridello mollis

Csnthiun gllfillanli :

Cassine transvaalensis :

Comb ret™ apiculstua ;

Cmbretui xeyherl

Croton gratisslous

Euclea crispa

Gardenia spatulifolla

Lannea edulls

feytenus tanulspina

Htndulaa s«ricea

Ozoroa paniculesa

pappea capensts

Protea welvitschil

pseudolachnostylis

maprouneifolia

Pygmeaothamus zeyheri

Hhiis pyroldes :

sclerocarya caffra :

Securlnega vlrosa

Stcyehnos madagascariensis

nguerla lnfaustre

is A = Highly favoured 

B - Favoured 

C - Intenoed.ate 

D - lass favoured 

E - Non-favoured

ceptance « 49+

>20-40 

-10-20 

= 5-10 

« 0-5
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: Acceptance values of the L Cornnon WoodyTable 4.7.

Plant species Encountered Less than 12

Species Growing Season Dry Season

tAcc n Class lAcc n Class

Aceela caffra - - - - - -

Acacia hebeclada - - - - - -

Acacia karoo 29 7 B 13 15 C

Barlerla bremekampi - - - - - -

Beguaertiodendron - - - 180 1 - 

magaliesmontanum

Brldella noil Is 17 23 C - - -

Canthiua gilfillanii 25 12 B - - -

Casslne transvaalensis 6 12 D 14 21 C

Combftftun apiculazuz 3."> 6 B 100 2 -

Ccrabretun zeyherl 33 3 - 50 6 A

Croton gratissimus - - - - - -

Eoclea crlspa - - - 33 5 B

Gardenia spatulifclia e l -  0 1 -

Lannea edulls - - - - - -

Maytenus tenulspina 38 16 A 0 5 E

Hundulfta sertcea 20 19 B - - -

O»roa paniculosa 73 26 A S3 19 A

pappea capensis 0 1 - 14 7 C

protea wolwi tschU - - - - - -

pseudolachnostylis - - - - - - 

maprounelfolla

Rhus 'p/roldes 91 11 A 75 12 A

Sclerooarya caffra 8 2 - - - -

Securinega virosa 8 2 -  - - -

Strychnos madagascarlensis - - - - - -

Vanguerla Infaustra 

Vitex mcmbaesoe 

Xlmenla caEEra

Class A - Highly favoured 

B = Favoured 

C = Intnmtedlate 

D c Less favoured
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i i .  impalas

The impalas had a high acceptance o£ B. menyharthii and E. rigida 

in the growing ssason. L. discolor was favoured when in new ea£, 

and several thorny species including A. burkei, A. karoo and z . 

mucronata were of high acceptance in the early growing season 

(Tables 4 .7 .a .i i .  & b .i i ,) .  Few of thfc less abundant woody species 

were of high acceptance to the impalas in the growing season. 

Non-preferred species in the growing season included the three 

Grewia species and the evergreen plants. E. undulata and S. 

longipedunculata were of high acceptance to the impalas in the dry 

season. The acceptance of the deciduous species, E. rigida and Z. 

mucronata, and the evergreen C. bispinosa increased in the late 

dry season. The acceptance of the three less commom Grewia species 

remained low.

i ii . Goats

L. discolor, Ozoroa parsiculosa, S. cocculoides, S. 

longipedunculata, G. roonticola and several other less common woody 

plants were of high acceptance to the goats in the growing 

season.(Tables <1.7a .iii. 6 b .ii i .)  In the dry season the goats had 

a high acceptance for Z. mucronata, G. monticola, 0* paniculosa 

and the evergreens C. bispinosa and E. undulata.

iv. Comparison between the Animal Species

The three ungulate species encountered the rare woody species
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at different frequencies due to the differing proportions of time 

they spent in each area of the enclosure. In the growing season 

the goats favoured many rare species. The kudus and impalas had a 

high acceptance for several species in the early growing season 

but favoured only two or three species in the late growing season. 

Generally favoured plants included S. longipedunculata, E.. riqida.

E. menyharthli, and Acacia species, The kudus and goats also 

favoured S. cocculoides, and the kudus and impalas favoured z. 

mucronata. The kudus alone had a high acceptance for C. zeyheri. 

The kudus and impalas both had a low acceptance for 0 . paniculosa, 

C. btspinosa, L. discolor and the three uncommon Gfewia species in 

the late gcowing season.

In the dry season the kudus continued to be the only animals 

to favour C. zeyheri. All the animals showed a high acceptance for

E . menyharthli and S . longepedunculata in the early dry season and 

for Z. mucronata and the evergreens c. blsplnosa and E. undulata 

in the late dry season. The goats'favoured a greater variety of 

woody plants in the early dry season than did the kudus and 

impalas. These plants included G. bicolor, G . monticola, o. 

paniculosa and S. cocculoldes all of which were of low acceptance 

to the impalas. The evergreen E. undulata was favoured more by the 

Impalas and goats than by the kudus.

The highly poisonous woody geophyte Dlchapetalum cymosum was 

not eaten by the kudus and impalas. In the late dry season when 

the new leaves of this species flushed in advance of most other 

woody plants, the goats however did attempt to eat D. cymosum. The
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exact acceptance value for this species was not calculated as the 

goats had to be driven away £rom these plar.ts for their own 

safety.

d . The Acceptance of Forb Species Selected for Chemical Anlysis

The forb species selected for chemical analysis were common in 

1980-1981 when the goats were studied, but in 1982 when 

observations on the kudus were made j5. alsinoides, 0 . herbacea and

I .macra were much less abundant.

i .  Kudus

The kudus had a high acceptance for P. campestris amd I . macra in 

the early growing season. The acceptance of P. campestris 

decreased in the late growing season but it remained a favoured 

species {Table 4 .8 . i . ) .  The acceptance of J .  flava increased 

significantly in the late growing season and it became a favoured 

species. In the early dry season the kudus continued to select the 

same species as in the late growing season. The acceptance of S. 

cordifolia and W. Indica increased significantly throughout the 

dry season until these two species together with H. grisea were 

the favoured common forbs in the late dry season. With the onset 

of the growing season the acceptances of these three perennial 

species decreased significantly. Forb species of low acceptance to 

the kudus were 0 . herbacea, E. alsinoides, and S. panduraefonne.
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il. impalas

The Impalas also had a high acceptance for P. campestris during 

the growing season, especially in the early months. Other forbs 

favoured in the growing season were T . forbesii and S3. 

panduraeforms (Table 4 .8 . U . ) .  J_. flava was selected in the early 

growing season and W. Indica was of high acceptance in the late 

growing season. The impalas retained their high acceptance for P. 

campestris in the early dry season, and the acceptance of T. 

forbesii increased significantly. The stemmy perennial species W. 

indica, S . cordifolla and H. grisea also showed a significant 

increase in acceptance at this time. The acceptance of the .latter 

two species continued to increase in the late dry season and these 

two plants became the most favoured forbs. The acceptance of the 

perennial species decreased significantly in the early growing 

season. Forb species of consistently low acceptance to impalas 

were E. alsinoldes and 0 . herbacea.

i i i . Goats

p. campestris was of high acceptance to the goats in the growing 

season. They also selected jj. alslnoides, especially in the early 

growing season {Table 4 .8 . i i i .) .  Other forbs selected in the early 

growing season were H. grisea and w. indica. The acceptance of 

these species declined significantly in the late growing season 

when T . forbesii was of high acceptance. The goats favoured 

forbesii and l_, macra in the early dry season. At this time the 

acceptance of H. grisea, S. cordifolla and_w. Indica increased



significantly. The acceptance of the first two species continued 

to increase as the dry season progressed but W. indica decreased 

in acceptance. The favoured forbs in the late dry season were H_. 

grisea, j .  flava and P. campestris. With the onset of the gcowing 

season the acceptance of S , cordifolla, W. indica and J . Slava 

decreased. The goats had a low acceptance for 0 . herbacea and S_. 

panduraeforme throughout the year.

iv. Comparison between the Animal Species

All the animals had a high acceptance for P. campestris in the 

growing season. j .  flava was favoured by the impalas in the early 

growing season and by the kudus in the late growing season. The 

acceptances of the impalas and goats were significantly correlated 

in the growing season (Tig 4 .7 .) .  Both Impalas and goats showed a 

strong selection for T. forbesll in the late growing season. This 

species was less common in the following year and the kudus did 

not favour it. The goats had a high acceptance of the stemmy 

perennial forbs, H. grisea and W. Indicafin the early growing 

season but generally these species were of highest acceptance to 

the animals in the dry season.

There was no correlation between the acceptances of the three 

animal species for forbs in the early dry season although P. 

campestris was of high acceptance to all the animals. Again the 

acceptance of the impalas and goats was high for T . forbesli, a 

species not often encountered by the kudus. In the late dry season 

the acceptances of kudus and impalas were significantly



Early Geowing Season 

n = 9 r = 0.539

OHx xxsO

— Jl^-+— ^
« 5 6 1 

Impalas

Early Growing Season 

n = 9 r = 0.512

JF *HG 

XWI 

KSOI XEAKSOl

+x d .
to 20 30 '10 SO £0

Early Growing Season 

Kpo n = 18 r «  0.693*

!K -

Goats

Fig 4 .7 . A Comparison of the Acceptance of Forb Species by Kudus,

Impalas and Goats,

i. Early Growing Season.



Im
p

a
l
a
s

4-49b

Late Growing 

n = 10 r =

Season

0.280

xS I *W1

OH* *EA I *S O  xTF

0 1 2 3 ll 5 5 7

Impalas

Late Graving 

n *  10 r *

Late Growing 

n - 10 r «■

20 30 >10

Goats

Pig 4-7. A Comparison of the Acceptance of Forb Species by Kudus, 

Impalas and Goats.

11. Late Growing Season.

0.685*



Early Dry Season 

n = 10 r = 0.233

,1!W

\{OH
I '£ A

Fig 4.'

Goats

.7. A Comparison of the Acceptance . >orb Species by Kudus, 

Impalas and Goats,

i ii . Early Dry Season.

0 5 10 15 20 25
i impalas

i
1

1
1
1

1

xJF
KPO

Early Cry Season 

n = 10 r *  0 .2 3 0

1
i
J *Sl

1
1

iso.
Jp H '
1*  *EA

xHG
xW I

xiM

xTF

L ^  

■ ■ i
0 10 20 30 HO 50 60

1

1
1
f

1
I

Goats

xTF
Early Dry Season 

n = 10 r “  0.514

i  •••

1

1

1
XPO

*WJ V,

. rr
{
1

jxSO x S l

xHG

V
i*H JFx XIM'

J 'a

o



se-
[G

d
u
il

S tZaMSi&t ■ .

j *S0  

0 > O H

Late Dry Season 

n = 7 r =  0.793*

Late Dry season 

n = 6 r = 0.340

Late Dry Season 

n = 6 r = 0.370

Goats

j 4 .7 . A Comparison of the Acceptance of ' >rb Species by Kudus, 

Impalas and Goats.

Iv. Late Dry Season.

*S O

I
0 t xTF/OH



4-50

correlated. Both had a rather low acceptance of P. campestris in 

this season. Other than in the sarly dry season when it was of low 

acceptance to the impalas J .  flava was a favoured forb species in 

the dry season. All the animals showed a significant increase in 

the acceptance of the stemmy perennial forbs in the dry season 

with the goats favouring H. grisea, while the impalas and kudus 

preferred S. cordifolla and W. indica.

0 . herbacea was the only species consistently not eaten by all 

three ungulate species, E. alsinoides *wj.s of very low acceptance 

to the impalas and kudus, and S. pandut'aeforme was of low 

acceptance to the kudus and goats.

e. The Acceptance of Other Forb Species

Many forb species were eaten by the ungulates but were only 

encountered a few times during the recording sessions.

i. Kudus

Of the more abundant forb species the kudus had a high acceptance 

for the perennial forb L. javanica and plants of the genus 

Justicia throughout the growing season (Tables 4 .9 .a .i . 4 b .i . ) .  

In the early growing season many species were favoured, but of 

these V. oligocapftala was most strongly selected. The acceptance 

of J . minima increased significantly {X2 10.11 **) in the late 

growing season then remained high. Fewer forb species were 

selected in the dry season. The kudus continued to favour L.



3 Vfcff

e seasonal Acceptance values of Forb Species tot Chosen Cor 

Chemical Analysis

Early growing

Asparagus saavcolena 

Blepharis naderaspatensls '

Cassia apensSs i

Chaetacanthus costatua 1

Cocmelina atrlcana li 

Crahbea ftirsuta

ElefhantorrhiiSa obliqua 1 

Palogea nonticola

Felicia £ascicularis :

Herabstaedtia odorata l1

Hypoxls obtusa 1<

Iniigofera cocoas .

Indigofera daleoldcs I

Justicla Anagalloides I 

.justicla incerta

Justicia minima 1

justicia Eperguloefolia 1.

parlnarl capensis 1

Pavbnla transvsalensis i

Ruellla cordata : 

Salacia rehmannii

Sida alba i

Solanun coccineim i 

Thimbergia nuglacta

Triimfetta sonderl ■

Veroonlo ollgocepfja)* 2

Growing Early Dry 

n CIbbs lAcc n Class

Late Dr* 

Season

, I

Class A •  highly favoured 

B • Favoured 

C * Intermediate 

0 •  bass favoured 

E •  Iton-favoured

Acceptance ■ 20+

4-503
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i2 Acceptance Values of Forb species Hat Cnos«n for 

Chemical Analysis

Early growing Ute Growing Gariy Dry Late Dry 

Season season Season Season

Ucc n class lAee n Class *acc n class tAcc n CLsi

Acanthoslcyos naudtnlana 

Achranthes sicula 

Achyropsls leptostachya 

Asparagus suaveolens 

Bleptiarls moderaspatensis 

Cussls eapensls 

Chaetacanthus costatua 

Cccnellna afrJcaoa 

Coonellrw Lwnghalensis 

Cotoe line eckSonJana 

CoraosHn* eracta 

Crabbea Mrsuta 

Elephantorrhiza obllqua 

Felicia fascicularis 

Gonphr?rvB eeleatloidos 

Hermbstaedela odorata 

Hibiscus subr̂ niforais 

Indlgotsra daleoidai' 

indigofors vieloldeB 

justlcla anegalloideo 

justlcla incerta 

Jjsticle minima 

Kotaatla vlrgetB 

Lippea javanlca 

pantarrMnun inslplduo 

phyllanthus parvulus 

plumbago zeylanics 

Portulaca quodritlda 

pterococcus aCricsna

9 23

B 96

0 14 

12 S3 

g 45 

4 115 

22 sa

1 24? 

0 20 

0 22 

8 75 

" 2 

3 29 

« 80

2 SB 

0 32 

0 57 

2 92 

0 75 

g 75 

7 99

.C 19

0 33

5 99

6 33

1 139 

4 24

g 15 E 

1 537 D

36 (S A

,a. me saa

I 30
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Table 4.9.a. The seasonal Acceptance Values of Forb Species Not Chosen f< 

Chemical Analysis

Aehrnnthes slcula 

Asparsjus saunderiae 

Asparagus suaveolens 

Borrerla acabra 

Cassia capensis 

Comellns atricana 

Comuelina crecta 

Goojbrena celosioides 

Hibiscus subreniformis 

IndigoEera daleoidos 

justlcla Inceru 

Pontarrhlmm inslpldtn 

ptiyUanUiua parvulua 

Pottulaea quadrtfida 

Pteroroccui. africano 

Rhyncbosia i»n£usa 

Rhynehosia veiiulosa 

senecio ineaquidens 

Solanuo oocclneun 

Tagetee mijiuta

y growing Late Growing Early Dry Late Dry 

ason Season Season Season

n class vice n Class tAcc n class Wee n Class

19 21 A

Class A « highly favoured 

B - Favoured 

C • Intamudiate

0 •  mse (favoured 

E ■ Han-favoured



i0 Acceptance values o£ Species j£ f

Growing Season Dry Season 

Wee n Class Wcc n Class

AcalyjJia potlolaris 

Acanthosicyos naudlnlana 

Achyranches sicula 

Whyropsls leptostachya 

Agathisanthwun tojetl 

Aloe davyana 

Antiiericua coopefi 

Antisaoa harveyana 

Asclaplas frutlcosa 

tapaeajuB bochananJi 

Asparojus saunderiae

Becltn angustlloliuo 

Bauhlnla nacranthi 

Boofhane diatieha 

Bocraria acabra 

adblne angustlfolla

Cemnllna erects 

Cennellna ecklanlana 

Cerchorus klrklt 

Crotilarla plslcarpa 

Cyanotls opeelasa 

Cryntolopis oMonglfalla 

Dicerocacyum zanguewrJtm 

Dlccaia nsorocephals 

Dlpcardl vlrldo 

Eupfiorbla inaequilatora 

Felicia murlcata 

Gladeolus oalcaratua 

Gomphrena celostaldea 

Helichrysum kraussll

1. Kudus



Table 4.9.b. Continued. . 

Hibiscus subrenlformls

liemlsigla cane scans 36 ii A - - -

Hsrmaivila boraglnlflora 3 31 D 9 10 S

Indlgefofa daleoidos K 46 S a 34 G

Indigofera nebrowniana g 1 - 33 6 A

Indlgotara sordifla 16 19 a • 2 -

JndlgoEera vleioides 17 6 B 0 2 *

tpooea aOsaura 4 23 D a 1 -

Ipcnea e<maneyi 25 4 - - - -

Oattopna zeyheri g 2 - g 7 E

Kalanohoe paniculate - - - e 3 -

Kohautla vlcqata 0 3 - e S E

Ledetxiuria granlnitolia - - - g 1 -

Unlun fenostratun - - - g • 1 -

Uppea javanlca 28 29 \ 50 29 A

Ununa rugosa 24 14 B 0 5 E

Hellianla prostrata g 6 z g 17 E

Herremia tridentata 17 IB 5 g 2 -

Monehesa dlvarlcatim - - - 8 1 -

Nidorelia resedlfolia - - - B 1 -

Ocioun eamm - - - 56 9 A

Dpuntls £icus lndlea 14 7 a g 19 8

Oxella corniculata 9 2 - a 3 -

parwtta zeytiori 0 19 E - - -

Pellaoa coloroelaioa g 2 - g 5 E

Pantarrhimm lnolpidim a 12 E g 17 S

Phyllanthua pacvulua - - - a 7 E

pluiiHtgo zeylanica 3 2 - 48 29 A

Poly?ola sphenoptera B 1 - g 14 F.

Portulaca quodrlflda a 2 - g 6 t

pteroeoccus aCricaiia - - - a 1 -

Raphlonacma burkel 33 3 - - - -

nhoictssus tcldontata a 9 E - - -

Rhynchosla con£uaa • 2 - g 4 -

Rhynchosla lcnglflora u 9 13 29 7



8 12 

17 «

Table.4.9.b, Continued, .

Rhynchosia venulosa 

SchKuhrla pinnata 

Sanecto Insequidens 

Senecio venoaus 

Slda ovata 

Slda rhomboMifolia 

Solarom saatt/tthlanun 

Spiiedawweatpus prurlens 

Soltrii torkeana 

Tagetes nlnuta 

Tepfirosla luplnifolla 

Tefhcosla longlpes 

TriOulos terrastrJs 

TdmCetta pwitandra 

Trochwerla maccocarpa 

Tucblna oblongata 

Vemonia staaballnoldes 

tMi&witifJed i 

UnldentiSled 2

Unidentified 3

Plus 18 unidentified spoelaa encountered only oi

7 29 

0 27

Class A » highly favoured 

B * Favoured 

C ■ InMrnw'iiote

D « Less favoured 

E ■ Non-lavourud

Accoptanco ■ 20+

■10-28

• 5 - 18

• 1 - 5 

■ B - 1

4 27

8 13
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Table 4.9.b. The Acceptance Values o£ Spacing o£ Forb Bptsclea

Encountered Less Uion IS Times in Bach Season, 

il. Impalas

Species Grswirq Season Dry Season

Acalypha pxtiolaris

lAcc

0 i

Class Wcc n Clas

fcjathisantheoum bojerl a 13 E SB 4 -

Aloe davyana B 1 - - - -

Anaraai-hus chunbergli - - - » 1 -

AnthefIcon galplnii 0 2 - - - -

Antlxoma harveyana 0 5 E - - ..

Aseleplas burchoilii B 22 * 0 2 -

Asclepias Cruttcosa 0 2!2 B - - -

Asparagus bochananil a 10 E 20 5 A

Asparagus saunderlae 0 30 E 0 6 E

Becitn anguseifolUm 14 28 B 9 23 C

Bauhinin macrentha B S E B 6 E

Bidane ftlpiivwca e 7 - - - -

Boophane disticha e 2 - - - -

Borreria scabra - - - 0 3 -

Brayulinea danaa 0 33 E 67 12 A

Bulblnu anjuseiiolia B 3 2 a 2 -

Clcome aoculata a 8 E B 1 -

Ceratottioca triloba a 1 - - - -

Ccnoelina XWingstonol a S - - -

Conyza llnrlbunde 

Corchorus s'lfkli

e

16 B C 3 -

Crotilarla pisiearpa a 40 E 0 4 -

Cyanotls spoclosa a 16 E - - -

Cyphocarpa anguBtlEolla a 2 - - - -

Dlcerocoryun Mnguobarium a 26 E 5 48 C

Dlcona macrocephala 0 9 ET a 2 -

Dipcardi marlothll e 1 - - - -

Dipcardi vlrida a 2 - - - -

Euphorbia Inaaqullatera a 5 B - - -



Tahiti 4.9.U. Continued.

Pf • ' mjntlcola 

Pelu!. murlcata 

Gladeoius calcsratus 

Qomphreiwi eelosioldes 

HemStiat .escens 

ttcmitlg. ;ensts

Hermannl* boraglniflora 

Hibiscus meewwi 

llypoxls obtusa 

tndlgoleas comosa 

tndlqoteis dlstlr .ti« 

Indigofera Mlipes 

Indigoper* nebrowiiana 

Indlgofer* sordlda 

tpemea obscura 

Ipomsa o'runeyi 

Jatropha Mytwri 

JustlcJd sperguiaetala 

Kalanchoe pafiiculau* 

Ledobourli grarainUoUa 

Laucas neyCliiMna 

Uneun Eenostracura 

Uwtffl vlscoam 

Umtana ruqosa 

lophloearpja ttmulsslw.ia 

Molnanla prootrara 

Nerremla triduntata 

Nldorella rewdirolla 

OcTnfjn eunn 

Opuntla flcos-lirllca 

Oxffoahm Hreyt'anm 

CKygonlim a'liualun 

Pellaea cclcnwlanos 

PhyllaiiUius malornsfvitPiif



Table 4.9.t>. Continued.

Poli'gala sphenoptera 

pterococcus africana

Hhynchosla longlflors 

RJiynchosta monofiiylla 

Rfiyncftosia rlnenosa 

Ruellla malacophylla 

Ruellla patula 

Salacla retmannll 

Senecio lor̂ ifolia 

Senecio venosus 

Sida chrysantha

Sida pseudocordlfolia 

Sid- i.wnboidlfolia 

Solemn incanan 

Solanun sealortbisnun 

SphedMnocarpJS pruriens 

Strlga asiatica 

Strips gesnerloides 

Stylosanthes frutlcosa 

Sutera burkeaiia 

TepheosSe longjpes 

Tribulus terrestrls 

Triunfetta pentandra 

Vernonla fastlgiata 

vernonla manoceptala 

Vemonia jllqocefrala 

Vernonla poskeana 

Zlnnea multiflora 

Zomla capenels

'It's SS unidentified species encountered only ones or

is A * highly favoured 

S * Favoured 

C • Intermediate 

□ - Use favoured 

B = Non-Eavoured

Acceptance = 20+

9 2
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Table 4.9,b. The Acceptance Values of Species oE Fort) Speclss 

Encountered Less than 15 Tines in Each Season, 

til. Goats

Species Growing Season Dry Season

«Acc n Class ttcc n class

Achyropsis Jeptostaebya 

fccalyjtia petlolarls 

Aeanthosicyes naudlniana 

hgatftSsanthsoun bojeri 

Woe flavyana 

Aitherlcxm galpinii 

Asclepjas burchellll 

Ascleplas Eruticosa 

Asparagus bochananli 

Beclua angustifolluo 

Bauhlnla naerantha 

BrayuSlnee deosa

IS

Cleoan aaeulata 

Comoellna benjhalensis 

Ccmnellna eckloniana 

Corchorus kLtkLl 

Crsbtwe hirsute 

Crotilaria sphaerocarpa 

Cyanotia speelosa 

CyphKarpa angustiEolla 

Dlcecoceryim zanguebarlm 

Dtc&aa maeroceftoile 

Elephantorrhlza oblique 

Euphorbia inaequtlatera 

Fadogee nontlcola 

Felicia fasclcularls 

Felicia mjclcata 

Gladeolus celcaratus 

Bemibstaedtla odorata 

Her.sannia boreginlflora



Table 4.9.b. Continued.

Hibiscus meeusei 

Hypoxls obtusa 

Indigofera caeasa 

Indlgofera distincha 

Indlgofsra nebrowilana 

Ino.go£era sordida

I panes onsaneyi 

Jatropha zeyfwrJ 

JustlcU anajalloldes 

Juselcia sprrqulaefoHo 

Xalancboe paniculata 

Kohautia viojata 

Linsun fenestratun 

Llppea javanlea 

Umeana rujosa 

Heihenle peoatrata 

Harremlo eridentata 

Nidorella resedifolia 

OcIkwi conun 

VjAtntla £Icuo-lndiea 

OkaIIs comfcjlata 

Pavonla transvoalensls 

Pellaea colomelanos 

Plunbogo jeylanica 

polygala sphonoptera 

Raphlonaowi burkel 

Rhynchosia longiflora 

Rhynchosia denslflora 

Ruellis cordate 

Salacla retmannil 

Schkuhrla pinnate 

Slda alba 

Slda ohrysantha 

Sida hoapCmsci 

Slda ovotf'



' • t

Table 4.3.b. Continued. . .

Slda pseudocordifolla 0 1 -  -

Slda rhomboldifolia - - - 0

Solamm tncanum 25 8 A 9

Solanun seaforehlamm 0 1 - -

Stylosanthes Cruticosa 0 31 G -

Taliru»n eaffrura ? 15 C -

Theslun cytisioldes 0 1 - -

TephrosU longlpes " 0 2 - -

rephrosla luplnSflloila 8 1 - -

Thunbirgla neglects 9 24 G -

Triumfecta sonderi 0 10 B 14

VernonU fastl̂ iata 0 2 — -

Vernon la ollgocefbola 33 3 - IBB

Vernonia posKeana 0 6 G -

Vernonia staohelinoldes 0 1 - -

Zinnes BUltltlora 9 8 G -

Unidentified 1 - - - 100

Unidentified 2 . . .  - lee

Unidentified 3 * - E 100

plus 22 unidentified species encountered only oi

A • highly favoured

8 - Favoured 

C ■ Intermediate

0 * Less favoured 

B * tton-Esvourod

r  • i 

I



javanlca and j .  minima, other forbs Savoured in the early dry 

season were p. tcansvaalensis, C. capensis and Justicia incerta. 

Porb species of consistently low acceptance to the kudus were A. 

suaveolens, Triumphetta sonderi, Fadogea monticola and Felicia 

fascularis.

i i .  impalas

The impalas exhibited the highest acceptance for J .  minima in the 

early growing season (x2 5.58 * ) ;  in the late growing season this 

species was o£ intermediate acceptance. Other species selected in 

the ear]y growing season were C. costatus, Becium angustiEolla, L. 

javanlca and A_. suaveolens (Tables 4 .9 .a .i i  & b .i l . ) .  In the late 

growing season only pterococcus africana and M. tridentata were of 

high acceptance to “he impalas. In the early dry season the 

impalas increased tnelr acceptance of Brayulinea densa (x2 15-65 

***) and Achyautnes splcula (x2 75.53 * ** ). Crabbea hirsuta was 

also favoured. In the late dry season Eew forbs were selected, in 

this season L. javanica and j .  minima were the favoured forbs. 

Species not eaten by the impalas included Blepharis 

maderaspatensis, Sida alba. Sida hoepfneri, Achvranthes 

leptostachya and many less common species.

i ii . Goats

Pew forb species were of high acceptance to the goats (Tables 

4 .9 .a .i i i .  6 b .i i i . ) .  A. suaveolens and Pentarrhinum insipiduro 

were favoured throughout the growing season. In the late growing



s p r

season £. capensis and Senecio inaequidens were also selected. The 

goats had a moderate acceptance in the late growing season for two 

species known to be toxic to livestock, Kalanchoe panlculata and 

ftsclepias fruticosa. The goats had a high acceptance for J. 

lncerta, A. splcula and B. maderaspatensis in the early dry 

season, even though all three of these species had been of very 

low acceptance in the growing season. In the late dry season the 

goats ate few forbs but continued to favour J. lncerta.

iv. Comparison between the Animal Species

Between the animals the encounter rates with individual forb 

species varied greatly due to both area selection differences and 

to the differences in the species composition in the two years of 

the study. In the growing season the kudus and impalas favoured L. 

javanica and Justicia species, especially J. minima. The goats had 

a lower acceptance for Justiclas and rarely encountered L. 

javanica. The impalas and goats favoured A. suaveoiens but the 

Kudus has a low acceptance for this thorny forb. The goats had a 

moderate acceptance in the late growing season for K. paniculata 

and h. fruticosa known to be toxic to livestock. These two species 

were rejected by the impalas which encountered these plants at a 

similar frequency as the goats. The kudus rarely came into contact

v.xth these species.

In the dry season many forb speeios died down. The kudus and 

impalas continued to favour L_. javanica and J., minima. The forb A. 

spicula was favoured by both the impalas and goats in the dry
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but was not often encountered by the kudus.

4 .3 .5 . Species Selection: Feeding Duration 

a. Cortmon woody Plants

The animals rarely ate from one plant or a group of individuals of 

• '• species for more than five minutes, even when feeding on

tree or clump of bushes. The variation in the tifw spent 

feed it ry on plants within the same species was great.

i . Kudus

The kudus rarely fed for longer than an average of 40 seconds on 

individual plants of any species. In the early growing season the 

average duration of feeding was greatest on G. flavescens, C. 

mol" and the evergreen S_. pungens (Table 4 >10.i . ) .  The maximum 

time spent eating any one plant was five minutes for G. 

flavescens. A few plants of D. cinerea and S. pungens were eaten 

for up to three minutes. R. leptodlctva was fed on for an average 

of 70 seconds in the late growing season, other favoured species 

were cinerea, G. flavescens and V. rehmannii. The maximum 

feeding duration recorded in this season was six minutes on D. 

cinerea and G_. flavescens. Plants eaten for less than an average 

of ten seconds in the growing season were S. natalensis and P. 

africanum.



Table 4.18. Duration of Feeding (seconds) on Individual Woody plants. 

(, Kudus

Aeacid nilotica 

Acacia tortilis 

&ufka« aErieana 

Caabretiso nolle 

Diohrostachys alntttea 

Eoobeya rotundlgolia 

Buclea natalensis 

Crewia Havaacens 

OCbna pilctira 

peltojbonm afrieonw 

Rftus leptodictya 

StfyctinoS pjnjens 

TenMnalia sartcea 

VIten retaarmli

Groulnj season

RanK Moamse hw  i

10.5 18 1 6 IS :

- fl i - 8 (

S 11 + 1 44 S'

2 33 t 6 139 It

4 29 + 5 284 S:

Growing season 

Hank HeantSg Max n

5.5 28 £

5.5 28 +

6.5 15 t S

24 +11 2« M

0 + 2 9 2
32 i 3 298 189

12 + 2 99 88

8 t - 8 a

14 ± 9 31 3

34 + 8 198 :

■ IB + 2 19

23 t S 157 '

2 5? + 7 364 99 

IB.5 8 t 2 13 5 

- 8 + - 0 0

4 31 t 3 372 176

8.5 IS + 1 72 128 8

-  0 *  -  0 8 -

1 78 164 134 2 0

18.5 8 i 4 28 4 12

Dry season 

MeaiMSE Max 

32 +16 65

22 +12 120

34 +18 75

36 + 6 193 6

10 2! + 7 38

17 + 3 27

21 t 3 76 : 

9 * 2  12

3$ t 6 80 J 

23 * 5 182 :

23 t 5 129 I

39 ± 8 76 . 

31 t 8 to i

4 93 30



Table 4.10. Duration of reading (aeconda) on individual Woody plants, 

l i .  Impalas

Early 

Grcwir»g S«ason 

Rank HeanfSG Hax i

Acacia nllotica 

Acaola toftljis 

Bur two atricena 

Conbretun mile 

Dlehroataehys cinema 

nowbeye rotundlfolla 

Euclea natalenals 

Grewia £lavescena 

Ochna pulchra 

peltophorua eErleanum 

Rhus leptodlctya 

Stryehnas pungena 

Tarmlcmlla sertcea 

Vitex rohmanntl

Labe 

Growing season 

Rank MeaMSK Hsx n 

6 25 + 5 160 35 

1 54 +28 246 16 

9 10 + -  10 1

17 + 3 77 56

20 i  3 191 97 

9 i  1 29 31

53 +21 193 

SB *10 349 '

3 ± 3 5 2 

29 t  6 S9 11

Early 

Dry season

47 +16 235 : 

35 +18 221 i

23 + 6 72 11

5 39 t  -  36 

8.5 23 ± 6 48 
1 60 ±52 164

Dry Season 

Jc HeanfSe Mew



Table 4.10. Duration of Feeding (seconds) on Individual Woody plants. 
Hi. Goats

Acacia niiotiea 
Acacia tortilis 
Burkea africana 
Coubretun nolle 
Dlchcosuchys clneres 
Dwtoeya rotundlfolta 
Suclea natalensis 
Grewla flavescens 
Ochns pulchra 
Peltepborin africanum 
Rhus lapwdistya 
Serychnos punjens 
TermlnaHa sericea 
Vltex ralmnrli

Growing season
Rank MeaiwSE Hax n

2 34 il3 121 9

9.5 17 +1B 47 4

7.5 18 £3 13C t i

11.5 15 t S 3S i

5 25 + 5 95 25 

J 31 + 7 256 37

1 42 t 4 287 30

6 19 ± 3 60 S3

9.5 17 t 2 104 13a

7.5 IB ± 7 25 2

13 8 + 2 14 6

11.5 IS + 4 39 8

- 0 ± - B a

lata 
Growing season

Rank Mearr+SE tax n
5 40 +1S B4 6
13 13 i - 13 1
U.S 15 ±11 25 2
3 47 £10 63 9
4 39 * 9 121 19
11.5 15 t 3 32 9

Early 
Ory Season 

ik ttesnttSE Kax
18 t 5 27

34 +15 248 15 
8J -12 722 113
31 t 8 116 24
9 i - 9 1
27 + S 68 14
42 131 168 5
35 *13 81 5 
104 136 234 6

Dry Season 
Rank Mean+SE Max

44 tl6 3S0 20 -
35 t 9 44 2 -
S2 til 206 24 2
37 J 7 468 89 1
30 t 4 15B 73
14 * 2 38 16
25 t - 25 1 
140 £76 643 3
20 t 4 109 29

17+4 109 S3

38 * - 38 
58 *23 156



4-54

In the early dry season . my species were eaten by the kudus 

Cor an average of 30-40 seconds. The evergreens and A. frortills, 

B. africana, D. rotundlfolia and 0. pulchra were of shorter 

feeding duration. Again the longest individual feeding times were 

recorded on D. cinerea and G. flavescens. The duration of. feeding 

on the evergreen species R. leptodictva and S.. pungens increased 

in the late dry season, but the average time spent on plants of B_. 

africana and the mlcrophyilous species was very low. The longest 

time the kudus were recorded feeding on any one plant was nine 

minutes on s . pungens in the late dry season.

ii. Impalas

The average feeding duration by impalas on woody plants was 

generally less than half a minute in the early growing season. 

Only plants of. (3. flavescens were eaten for longer, up to thres 

minutes on a few occasions (Table 4.10.ii.). In the late growing 

season the impalas continued to favour G. flavescens along with C. 

roolle. _D. cinerea and _A. tortills. The longest feeding duration 

recorded in this season was six minutes for D. cinerea. The 

evergreen E.natalensis. and those species generally eaten only 

when in new leaf, were rarely eaten for more than ten seconds by 

the impalas.

S. pungens plants were eaten for an average of 60 seconds in 

the early dry season. The Acacia species, ^  cinerea, rehmannii 

and afrieanum were also favoured. The longest individual 

feeding durations were on D. cinerea and the two Acacia species.
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In the late dry season the deciduous plants C_. molle, T. sericea 

and R* were edten for longest by the impalas. The

maximum time spent feeding on any one of these piants was two to 

three minutes,

iii. Goats

In the early growing season the goats fed for more than 30 seconds 

on E. natalensis, D. rotundifolia and A. nilotlca plants, spending 

up to three or four minutes on individuals of the first two 

species {Table 4.10.iii.}. Only R. leptodictya was eaten for less 

than ten seconds on average. By far the longest duration of 

feeding in the late growing season was on V. rehmanrili plants. G. 

flavescens plants were also favoured, one plant of this species 

was eaten by the goats for twelve minutes, fipecies eaten for less 

than 30 seconds included A. tortllis, africana, £. 

rotundifolia, R. leptodictya and P. afrlcanum.

Despite the low feeding duration on R_. leptodictya plants in 
the growing season,individuals of this species were fed on for an 

average o£ 140 seconds, and a maximum of ten minutes, in the early 

dry season. Other favoured plants at this time were the deciduous 

species C. molle, D. rotundifolia, and V. rehmannli. Only A. 

nilotlca, 0. pulchra, P. afrlcanum and S. pungens were fed on for 

less than an average of 30 seconds. The species fed on for longest 

in the late dry seas i was E, natalensis. The goats spent up to 

eight minutes feeding on plants of this species. The leaves on the 

deciduous plants were sparse in the late dry season and the goats



fed only for a brief period on such plants, 

iv. Comparison between the Animal species

The duration of feeding on individual wody plants was 

significantly correlated in the early growing season for the kudus 

and impalas, but there after no significant correlations were 

observed (Table 4.8).

The goats were the only animals to have a long feeding duration 

on E. natalensis; for D. cotundifolia the pattern was similar but 

less clearcut. For the kudus and impalas G, flavescens was a 

favoured foot? plant, but on average was eaten for slightly shorter 

periods by the goats. The impalas tended not to eat browse plants 

for lonq in the early growing season, but preferred to feed on 

grass.

V. rehmannli was favoured by all the animals in the late 

growing season. D. einerea and G.flavescens plants were also eaten 

for longer duration than most other woody plant species. Although 

the former species was eaten by the goats for slightly shorter 

periods than by the kudus and impalas, and the latter was eaten 

slightly less by the impalas. The impalas spent more time feeding 

on the thorny Acacia plants than did the goats and especially the 

kudus. None of the animals ate D. rotundifolia.

V. rehmannli continued to be favoured by all the animals in 

the late dry season. The kudus and impalas also favoured JV.
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nilotica and D. cinerea, the goats had a lower duration of feeding 

on these species. C. molle plants were eaten for longest by the 

impalas and goats. Neither 3. africana nor 0. pulchra were eaten 

in this season. The goats alone ate D. rotundifolia and had the 

highest Eeeding duration for R. leptodictya. The kudus fed for 

longer on G. flavescens and T. sericea plants than the other 

animal species did, but ate no p, africanum. The impp.las alone 

favoured S. pungens.

In the late dry season the leaves were scarce on the deciduous 

plants. None of the animals fed for long on the microphyllous 

species. The goats had the longest feeding duration o£ E_. 

natalensis and D. rotundifolia while the impalas favoured C. 

molle, T. sericea and P. africanum. The kudus had a long feeding 

duration on many woody plants in the late dry season but R. 

leptodictya and S. pungens were fed on for longest.

b. Coimon Forbs

The animals usually fed on an individual forb species for an 

average of less than a minute. Feeding durations on forbs are 

limited by the size of the plant except in the case of those 

species growing in large clumps.

i. Kudus

p. campestris and l_. macra were the forbs eaten for longest by the 

kudus in the early growing season. The maximum time spent feeding

7  -  -



4-58

on any one plant was 85 seconds for P. campestris (Table 4.11.i.). 

In the late growing season J. flava, W. indica and S. cordifolia 

were fed on for up to one minute, but generally less than half a 

minute.

j.flava and S. cordlfolia continued to be favoured in the 

early dry season, along with P. campestris. Plants of J. flava and 

P. campestris wet »5aten for up to two or three minutes. The three 

plants eaten for longest in the early dry season, plus W. indica, 

were the favoured species in the late dry season. These are all 

species with a clumped growth pattern. Species eaten for only a 

very short time throughout the year were E_. alsinoides and 0. 

herbacea, both of which grow in a dispersed pattern.

ii. Impalas

The impalas spent up to one minute feeding in J. flava patches in 

the early growing season, but the average feeding duration was a 

quarter of this time {Table 4.11.11.). In the late dry season W. 

indica and P. campestris were favoured. The impalas spent up to 

five minutes feeding in W. indica patches.

The same species together with T. forbesii were eaten for 

longest in the early dry season. J. flava replaced T. forbesii in 

the late dry season. Again the longest times were spent feeding on 

W. indica. Plants not eaten for long by the impalas were E. 

alsinoides and 0. herbacea.





Table 4.11. Duration of Feeding (seconds) <j 

11. Impalas

Svolvulua alsinofdes 

Hemannia grisea

mdlgoCara naorantha

justicla flaw 

(Jldenlandia herhscea 

pollichia caspeatrls 

Sida cordlfolU 

Solanua panduraatonw 

Tefhrosla forbosli 

waltftarla indlca

Early 

Growing Season 

lit MeantSS Max i

3 + 1 3 

5+1 ia 1

- Crowing Season 

anK MaonVSE fax

8}- B

9 J i 18

13 t 3 81 .

10 t 5 36 

29 *U 467

Dry Season 

Ran)! wwrtSE Max

5 * 3 11 

B i - 8

19 4 6 110

26 * 7 124

20 * 2 205 2

Late 

Dry season 

k Neaiwse Mac

. »  13 

- a e

1 51 t53 84

ia i  2 34 27

7 1 1 21 22

e t i IB 14

***?%_





iii. Goats

The goats had the highest feeding di 'ation on J. flava in the 

early growing season, but spent the maximum time on individual 

plants of P. campestrls, W. Indfca and H, grisea (Table 

4.11.iii.}. In the late growing season the favoured plants were P. 

campestrls and T. forbesii, with a maximum of three minutes being 

spent eating T. forbesii.

i  Eiava, p.campestrls, W.indiea and H, grisea were eaten for 

longest in the early dry season, up to four minutes being spent 

eating W. indica. In the late dry season J. flava was the favoured 

forb e«ecies. The plants 0. herbacea and S. pandur-aeforme were 

least favoured by the goats throughout the year.

iv. Comparison between the Animal Species

In the early growing season plants of p. campestrls were eaten for 

relatively long durations by all three animal species, but the 

patterns of feeding durations for the animals were not 

significantly correlated In the growing season (Fig 4.9.) J_. flava 

plants were eaten for longest by the impalas and goats. Only the 

kudus favoured I_. macra. The goats alone fed for long times on H. 

qrisea and W. indica plants in this season.

By the late growing season all three animal species fed 

longest on p. campestrls and j. flava plants. T. forbesii was of 

long feeding duration to the goats and W. indica to the impalas
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and kudus. Species eaten for only a few seconds, if at all in the 

growing season were B. alsinoides. 0 . herbacea and s. 

panduraeforaie.

In the early dry season P_. campestfts continued to be favoured 

by all “he animals. J. flava was favoured by both the kudus and 

goats- The feeding durations of these animals were significantly 

correlated at this time. The kudus also favoured s. cordit:ol:Lu. W. 

indica was of long feeding duration to the impalas and goats but 

the iuoalas also favoured H. gclsea. The goats alone favoured T, 

forbesli.

In the late dry season J. flava and W. indica were universally 

favoured. The impalas and goats also favoured P. campestris. There 

existed a significant correlation between the duration of feeding 

on Eorbs by these two animal species in the late dry season. The 

kudus differred in that they continued to favour S. oordifolia.
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4.1.6. A Comparison of Techniques o£ Measuring Species Selection 

a Conation Woody plants

i. Dietary proportion and Acceptance value

The dietary proportions and acceptance values of woody plants wece 

correlated for the kudus during the growing season (Pig 4.10.). In 

the late growing season this relationship was mainly due to their 

hiyh acceptance of the two principal dietary species G. flavescens 

and D. cinerea. Hie two measurements of species selection were not 

correlated for the kudus in the dry season,This was due to a high 

acceptance of the less common species V. rehroannii which did not 

account for a large proportion o£ the diet in the early dry 

season, and the converse trend for G. flavescens. in the late dry 

Season many deciduous species were of high acceptance when they 

bors even a few leaves but contributed little to the diet. No 

correlation was observed between these two measurements for the 

impalas and goats in any season. In both cases this was due to a 

high acceptance for the Acacia species in the growing season and a 

high acceptance of the relatively less common R. leptodictya in 

the dry season. None of these plants accounted for a large part of 

the diet. Thus the proportional representation of a plant species 

in the diet o£ an animal was generally not representative of the 

animals preference, but is affected by the availability of food
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items.

ii. Dietary proportion and Feeding Duration

The duration of Seeding on woody plant species bore no 

relationship to the relative proportions of chose species in the 

diet of the kudus (Fig 4.11.) This was due to a long duration of 

feeding on many species, including V. rehmannli and R. 

leptodictya, relative to their contribution to the diet. The 

disparity between these measurements was less for the impalas and 

a significant correlation developed in the late growing season 

when they fed Eor the longest average durations upon the two 

principal dietary species. For the goats the dietary proportion 

was correlated to the feeding duration in the late dry season and 

early growing season when these animals fed mainly on B. 

natalensis, But in the remaining two seasons a long feeding 

duration on V. rehmannli and R. leptodictya prevented a 

significant correlation developing between these two measurements. 

Hence the time an animal spends feeding on individual plants of a 

species is a poor indication of the quantitative importance of 

that species in the overall diet. The duration of feeding on a 

plant was a measure of preference rather than utilisation.

iii. Dietary proportion and Selectivity Ratio

The selectivity ratio records the use of a plant species In 

relation to its abundance in the habitat. There was no correlation 

between the time spent feeding on plant species and the relative
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selection of species as measured by the selectivity ratio (Fig 

4.12.). G. flavescens and for the kudus and impalas, D.cinerea, 

were of greater importance in the diet than indicated by the 

selectivity ratio, both are conmon species. For the kudus and 

goats, and to a lesser extent, the impalas the species C. molle,. 

R. leptodictya and V. rehmannll were o£ high selectivity but low 

dietary proportion. Again the indication is that an animals 

preference is different to the dietary proportion which must be 

related to the relative availability o£ plant species.

iv. Dietary proportion and the Abundance of plant species

Comparison with measures of preference indicated that the 

proportion of a plant species in the diet of the animal was 

influenced by the abundance of that species in the habitat. 

Overall the proportions of coimvon woody plants in the diet of 

browsing ungulates were not correlated to the abundance of the 

species {Fig 4.13.). The animals spent only a short time feeding 

on several of the most abundant species such as 0. pulchra, yet 

the time spent feeding on other species was disproportionately 

large. This indicates that although the relative use of. plant 

species by the animals may be influenced by its abundance the 

animals are definitely selective in their choice of food items.

v. Acceptance value and Feeding Duration

These two techniques both measure preference rather than 

utilisation of plant species. For the kudus the acceptance of
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woody plants was significantly correlated to the duration of 

feeding on individual plants in the growing and early dry seasons, 

while in the late dry season the duration o£ feeding on individual 

plants appeared to be restricted by the sparsity of leaves 

remaining on the deciduous species (Fig 4.14.}. For the impalas 

and goats these measurements correlated only in the late growing 

and late dry seasons. A long duration of feeding on the few times 

that certain plants were eaten was the cause of the lack of 

correlation. The feeding patterns displayed by the two techniques 

for measuring preference gave more similar results than were 

obtained by measuring the proportions of woody plant species in 

the diet, however the correlations between acceptance and feeding 

duration were still not very strong,

vi. Acceptance Value and Selectivity Ratio

The acceptance of woody plant species was significantly correlated 

to the selectivity ratio for the kudus and goats but not for the 

impalas for which the acceptance values of T. sericea and the 

Acacia species were rather high {Fig 4.15.).

vii. Acceptance Value and Plant Species Abundance

No correlation occurred between the abundance of woody plant 

species in the late growing season and the acceptance values of 

these plants to kudus, impalas or goats, sven when 0. pulchra, 

which was of exceedingly high abundance and low acceptance,was 

removed from the comparison (Fig 4,16.). Thus the acceptance value
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of a plant species appears to be fairly independent of the 

relative abundance of that species in the habitat.

viii. Feeding Duration and Selectivity Ratio

For all three animal species the duration of feeding on a plant 

once encountered was significantly correlated to the selectivity 

ratio in the late growing c-osson (Table 4.17.). Both these 

techniques are a measure of the animals preference and thus should 

be expected to correlate*

b. Cornnon Forbs

i. Dietary proportions and Acceptance Value

In contrast to the woody plants the proportions of forb species in 

the diet of the animals was often similar to the acceptance 

patterns. These two measurements were correlated in all seasons 

Cor the kudus (Fig 4.18.). For the impalas and goats a low 

acceptance of W. Indica spoilt the correlation in the mid-year but 

the correlations were significant in the early growing season and 

late dry season. Thus it may be that the animals tend to eat forbs 

as they are encountered rather than selecting between many 

different species many of which which have a low rate of 

encounter.
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ii. Dietary Proportions and Feeding Duration

The dietary proportions were less similar to the feeding durations 

than to the acceptance values. The feeding duration was positively 

correlated to the dietary proportions for impalas in the growing 

season and for the kudus in the late growing and early dry seasons 

(Fig 4.19.)* For the goats similatities existed in the late 

growing season, when _p_. campestris and T. forbesii dominated the 

feeding, and again in the late dry season. The duration of feeding 

on forbs is likely to be limited ly ‘■.he size of the plants, unless 

they are of clumped growth pat'-.er'i. In most cases where these two 

measurements were not correlated this was due to a long duration 

of feeding on the P. campestris and J. flava, both of which tend 

to grow in a clumped pattern in the shade of trees.

iii. Acceptance Value and Feeding Duration

These two measures of preference gave similar results, 

particularly for the kudus and impalas, for which strong 

correlations were observed (Table 4.20.) The acceptance and 

feeding duration were positively correlated for the goats in the 

late growing and late dry seasons, but in the remaining seasons a 

long duration of feeding on several clumped species of low to 

intermediate acceptance prevented the occurrence of a significant 

correlation. However it does seem that as foe woody plants these 

two measures of preference do give broadly similar results.
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1. Dietary Selection by Browsing Ungulates

Ruminants can be classified into two main feeding types; browsers 

(concentrate selectors) and grazers {bulk and roughage feeders) 

according to the stomach structure (Hofmann & Stewart 1972, 

Hofmann 1973). Kudus fall into the category of browsers, while 

impalas and goats form an intermediate group referred to as 

mixed-feeders. These animals have the basic large rumen capacity 

of the grazer but with the increased papillation of the browser. 

For impala at least the extent of papillation can vary according 

to the diet being taken.

The diet of the tame kudus observed at Nylsvley comprised 

mainly woody browse. This is in agreement with previous studies 

on wild kudu (Wilson 1965, 1973, Owen-Smith 1979, Novellie 1983). 

Most of the browse was eaten directly from the plants, fallen 

leaves of woody plants were not important in the dry season diet 

of kudus as they were Cor the goats and impalas, and are not 

mentioned as being Important in the literature. Forbs occupied 

only 10 to 20% of the feeding time of the kudus at Nylsvley, but 

in the Acacia nigrescens savanna of the Kruger National Park kudus 

spent over half their time feeding in the herbaceous layer during 

the wet season (Movellie 1983).

4.4. DISCUSSION

Kudus are rarely reported as eating significant quantities of
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grass. One record of a kudu culled on the margin of a vlei in 

Wankie, National Park, Zimbabwe, showed the stomach to contain 80% 

grass, but other kudus culled from the same park contained less 

than 15% grass (Conybeare 1975). In the Kruger National Park the 

rumens o£ culled kudus contained only 5-10% grass (Giesecke and 

van Gylswyk 1975). They did, however, eat the new grass available 

on the burned areas (Owen-Smith 1979, Novellie 1983). The 

proportion of grass in the diet varies with the vegetation type. 

Rumens of kudus shot in the Kyle National Park, Zimbabwe, 

contained 30% grass in the Brachvstegia / Julbernardia woodlands, 

18% grass in Combretum / grasfi savannas and only 3% in Acacia 

savannas (Wilson 1970).

Fruit was sought out in the dry season. Wh«n the §,. caffra 

trees were fruiting the kudus walked directly from tree to tree 

eating the fallen fruits. Other fruits eaten in the dry season 

were Acacia pods, and the tiny berries o£ G. flavescens. Fruits of 

the Strvchnos species were eaten at all times of year.

The impalas at Nylsvley were preferential grazers of green 

grass. They spent significantly more > e grazing than the kudus 

throughout the year, and they ate more grass than the goats in the 

early growing season, in the dry season green grass was scarce and 

the impalas turned to browse as an alternative source of food, but 

as soon as the first flush of new grass appeared on the burned 

firebreaks the Impalas congregated on these areas feeding almost 

exclusively on the new grass which preceded tha emergence of new 

leaves on the majority of woody plant species. Other studies
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confirm the classification of impalas as preferential grazers 

capable of using browse material. Typically the diet contains 

45- j- grass (Talbot and Talbot 1962, Van Zyl 1965, Jarman 1971, 

McAllister and Bornman 1972, Monro 1979, Dunham 1980), but can 

range from 5% (Jarman 1971), to over 90% in areas whero browse is 

•spars* • :mprey 1963, Stewart 1971). The impalas both in this 

study and at Sengwa, Zimbabwe, increased their consumption of 

grass a few days after rainfall, presumably due to a new flush of 

green grass (Dunham 1980), or the ’‘resurrection'' or greening of 

dried grasses (Goldt’ing pers. comm.).

The impalas ate far less browse than the kudus and goats. 

Trees and stuubs ware browsed by impala mainly during the wet 

season. The total proportion of woody plant foliage in the diet 

increased in the dry season as fallen leaves from palatable trees 

were eaten, impalas in the Sengwa Wildlife Area, Ziiubabwe, also 

rely heavily on fallen leaves to see them through the dry season 

(Dunham 1980).

Like the kudus the impalas actively sought out fruit, walking 

directly from one fruiting tree to another in search of fallen 

fruit. Fruit production in savannas is erratic (Rutherford 1982). 

In the second year of the study there was a heavy crop of Acacia 

pods. The impalas ate these pods rather than leaf litter and forbs 

as in the previous dry season. The importance of these seedpods to 

wildlife has long been recognised (Burtt 1929, Stevenson & 
Hamilton 1947, Brooks 1961, Lamprey 3963, Dougall efc, al. 1964). 

Acacia pods are also favoured by domestic livestock and may fora



up to 85% of the dry weight intake of cattle (Gwynne 1969). Heavy 

use o£ Acacia pods by impalas at Nylsvley in June and July has 

been recorded previously by Monro (1979) for his tame, penned 

impala. There were noticeably more Acacia pods lying on the ground 

inside the enclosure than just outside, so the high proportion of 

pods in the diet of die tame impalas may be as a consequence of 

’ess competition for this food resource inside the enclosure as 

compared *o outside.

In Sengwa, Zimbabwe, forbs were a much more important dietary 

component for impalas than at Nylsvley, being the principal food 

in the late growing and early dry seasons (Dunham 1980). This may 

be due to a difference in the availability o£ forbs. Dunham (1980) 

found that the browse to graze ratio of the diet was determined by 

the browse to graze ratio in the vegetation.

The goats ate more grass in the growing season than the kudus 

did. Oi a year round basis grass formed less than half the diet of 

the goats in this study. This is generally true of goats (Edwards 

1948, Du Toit 1972), unless browse is unavailable or the grass 

particularly attractive (Knight 1965, Du Toit 1972, Aucamp 1976, 

Nge’the and Box 1976, Field 1978). Woody browse was particularly 

heavily utilised in the early growing season and late dry season. 

Increased use of woody plants in the dry season was also observed 

for goats in Kenya (Field 1978). Fallen leaves, in particular 

those of Z. mucronata and S. cocculoides were a very important 

source of food for the goats in the dry season. This use of fallen 

leaves was also documented by Edwards (1948)„ while the winter
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diet of goats in Kenya contained only 5% fallen leaves (Field 

1978). This is a much smaller proportion than at Nylsvley but the 

abundance of woody plants was not reported. The goats oegan tc eat 

large quantities of leaf litter two months before the impalas, 

presumably due to depletion of the preferred food resources within 

their small home range. The goats, like the impalas, ate forbs 

mainly In the early dry season. The goats studied by Knight (1965) 

ate similar proportions of forbs to the animals at Nylsvley.

Fruit, in particular Acacia pods, were sought by the goats. 

These pods are good quality winter forage (Gwynne 1969), so much 

so that goatherds in Kenya claim individual ownership of fruiting 

Acacia tortilis trees in order to feed their livestock (Edwards 

1943). Other fruits eaten were G. flavescens berries, Combretum 

seed pods and broken pieces of the large fruits o£ Strychnos 

species.

2. Dietary proportions

i, Wbody plants.

The relative proportions of woody plant species in the diet of the 

three different animal species were correlated in the peak growing 

season when food is plentiful. This suggests a similar basis for 

their food choice, ttowever, the tiaie spent browsing by im, ..las in 

particular is much less than that of the kudus or goats. The wide 

overlap in the utilisation of browse species by ungulates has been 

recorded in other studies (Kelso unpublished, Grunow 1980).



plant families and subfamilies generally favoured by browsing 

ungulates in this study were Che Mimosoideae, Verbenaceae, 

Boraginaceae, and to a lesser extent the Combretaceae. Members of 

the Caesalpinioideae and Oohnaceae were not favoured. Other 

families like the Tiliaceae contained both favoured and 

non-preferred species.

Naturally the abundant species tend to predominate in the diet 

provided they are reasonably palatable. Two common species, G. 

flavescens and .D. cinerea, were the principal food species at 

Nylsvley, A dependence on a few principal browse species in the 

growing season has been indicated in previous studies. Acâ l-*, 

Combreturo, Grewla and Ziziphus species are frequently the major 

food plants.

In this study the Acacia species were often eaten by the 

impalas, but were not principal food species since less than 10% 

of the study area was comprised of Acacia veld. Acacia species 

were the principal £ood plants for impalas in the Sersngeti 

(Jarman & Gwynne, unpublished}, and for goats in Kenya (Knight 

1965, Nge'the s Box 1976, Field 1978). The large leaved Acacia 

caffra dominated Che diets of both kudu and eland In Pilanesberg 

Game Reserve in Bophuthatswana (Kelso unpublished).

Combretum species are also generally favoured. They tend to 

retain their leaves longer than most other deciduous trees and so 

are important sources of food to browsers in the early dry season 

(Karr et. al. 1970, Hall-Martin 1974, Novellie 1983). In the
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Kruger National Park Acacia nigrescens together with Qwjbretajm_ 

apiculatum and Combretum heteroense formed 28% of the dry season 

diet o£ kudus (Novellie 1983). The first two species also 

comprised 48% of the rumen contents of giraffe in the nearby 

Timbavati Reserve (Hall-Martin 1974). For impelas at Sengwa, 

Zimbabwe, Combretum .nossambicense was the principal browse species 

(Dunham 1980).

Grewla flavescens was the major food plant for all three 

animal species studied at Nylsvley. Grewia species are also 

important in other areas. More than 50% of the feeding time of 

giraffe in the Serengeti was comprised of Acacia tortilis and 

Grewia species in the wet season (Pellew 1982). In the lowveld of 

Zimbabwe the major food species for eland are Combratum apiculatum 

and Grewia species (Kerr et. al. 1970), while in the Waterberg, 

Namibia, Terminalia sericea replaces Combretum in the diet of 

eland and Grewia species are also important (jankowitz 1982).

Although Ziziphus mucronata was rare at Nylsvley it w the 

principal food resource of kudus in the Umfolozi Game Reserve in 

Natal (O'Regan unpublished). zizlphus abyssinlca and Acacia 

Senegal together made up 56% of the feeding time of giraffe in the 

Kidepo valley, Uganda in the wet season (Field 6 Ross 1976).

Dichrostachys cinerea was a principal food plant of the 

indigenous animals at Nylsvley where it is common. It is 

structurally defended by spines, similar to the thorny Acacia and



Ziziphus spacies which are important food plants in other areas 

(Knight 1965, Field & Ross 1976, Field 1978, Novellie 1983, Kelso 

unpubl. o'Regan unpubl.).

Evergreen species only made up a significant proportion of the 

diet of the animals at Nylsvley in the late dry season. Other 

browsers such as gerenuk, also eat evergreens increasingly 

throughout the dry season (Leuthold 1970), and these plants are 

important for the winter survival of the lesser kudu in Tsavo 

National park, Kenya (Leuthold 1971). At Nylsvley S. pungens 

foliage formed a large proportion of the winter diet of the 

impalas and kudus but less important to the goats, because the 

greatest density of S. pungens bushes was in eastern side of the 

enclosure, far from the hone range of the goats. Instead the goats 

utilised E. natalensis. The less coranon E. undulata was also a dry 

season food species. The Euclea species are generally eaten only 

in the dry season. E. unduiata, together with Colophospermum 

mopane and Albiaia haryeyi are important winter foods to giraffe 

in Timbavati (Hall-Marrin 1974), and eland in Zimbabwe utilise 

Euclea divinorum (Kerr et. al. 1970).

Several common species are only eaten when in new leaf and are 

ignored once the leaves mature, 0. pulchra was particularly 

favoured by the kudus and goats at this time as it was one of the 

first species to produce new leaves. The impalas ate less of these 

new woody plant leaves preferring to feed mainly on the grass 

emerging on areas which had been burned in the dry season.
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P. africanum was the least used of the common woody species at 

Nylsvley. The impalas and goats nibbled the leaves in the late dry 

season but the kudus were never seen to eat this species. However 

P. africanum is reported to be a principal food plant of giraffe 

in the western Transvaal (Sauer et. al. 1977). This however 

appears, to be an effect of availability. Pi chapetalum cymosum is a 

comnon woody geophyte in the Burkea savanna. This plant produces 

tempting new green leaves at the end of the dry season, when the 

availability of browse for the animals is at a minimum. These 

leaves contain monofluoroacetate, a highly toxic heart poison .. 

vertebrates. The kudus and impalas were never seen to eat this 

plant, but the domestic goats tried to eat the new leaves and one 

died as a consequence. The older less poisonous leaves were not 

seen to be eaten by the goats when alternative food was more 

plentiful.

The goats utilised a wider range of less comnon woody plant 

species than the other animals maybe as a consequence of their 

depleting the favoured food species in their small home range. 

Rare species were generally rot all favoured by the animals but 

showed a range of acceptances.

The leaves eaten mainly as leaf litter by the impalas and 

goats come fran three main species. The ubiquitous T. serlcvta, 

which is also used mainly in the dry season by the kudus, and s. 

cocculoides and Z. mucronata, most individuals of which exist 

mainly as tall trees out o£ reach of the browsers. Z_. mucronata is 

a highly preferred food plant in areas wliers it is abundant
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(O'Reagan unpublished). Bland, like impala are mixed 

grazer-browsers and in the Waterberg, Namibia, leaf litter was an 

important source of food to these animals in the dry season, in 

particular the leaves of T. sericea and 2_, mucronata (Jankowitz 

1982).

Generally the plants of a genus are similar in their patterns 

of utilisation by browsers. The similarities in the chemical 

structure11; olant species have been used in plant taxonomy 

(Hegnau. -obs 1974), but it cannot be presumed that all

plants witi— . genus are edible as chemical variation and 

polymorphism are well documented (Cates & Rhoades 1977, 

Cooper-Driver et. al. 1977, Chew S Rodman 1979). The Grewia 

species show a variety of patterns of acceptance by browsers, 

indicative of inter specific variation In the plant defence 

compounds. G. flavescens is Q principal food species as are many 

other Grewia species (Kerr at. al. 1970, Hall-Martin 1974, 

Jankowitz 1932), yet Grewia montlcola is only eaten occasionally, 

mainly in the dry season, and Grewia bicolor and Grewia flava are 

generally unpalatable, only being eaten only occasionally in the 

early growing season.

ii. Forbs

The relative utilisation of forbs by the three animal species was 

only similar for a few species. Plant families generally favoured 

were the Maranthaceae, and Acanthaceae, while forbs o£ the 

Cucurbitaceae ant! Asclepiaceae were rarely eaten.
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The diversity of forb species was high and as a consequence 

the encounter rate of the animals with the less contnon forb 

species was very low. The species composition and abundance o£ 

forbs appears to depend upon the pattern of rainfall. 1982 was 

drier than the previous year, with the rainfall occurring late in 

the year. Three species of forbs which had previously been common 

were not abundant in the following year and we;-e replaced by 

species which were previously of less importance.

Many species of forbs were eaten in small quantities. This 

could be to avoid the ingestion of significant amounts of any 

deleterious plant substances {Freeland fi Janzen 1974). The 

indigenous animals were not seen to eat the forbs known to be 

highly toxic, Including the Kalanchoe and Asclepias species (Watt

& Breyer-Brandwijk 1962), but these species were eaten 

occasionally by the goats even In the late growir>g season when 

there was plenty of alternative food available.

3. Measuring preference

In order to identify tftj faators controlling the consumption o£ 

browse plants by large herbivores it is necessary to determine the 

relative preferences exhibited by the animals for each plant 

species. The magnitude of the preference should be meeningful and 

the differences in preference values both between and within 

species statistically proven. Techniq ss merely giving a rank order 

of preference are inadequate for the purpose of this study, as it
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is required that the measure o£ preference be related to 

quantitative measures of chemical factors within the plants.

The time spent feeding on a species is a measure o£ dietary 

contribution not preference, and is greatly influenced by the 

availability of potential food species. Highly preferred but rare 

species can only make up a small portion of the diet, while common 

but less preferred species can make a larger contribution to the 

diet (Petrides 1975).

Preference is not a static measurement but may vary greatly, 

both on a daily and a seasonal basis (Arnold & Dudzinski 1978). 

The preference for a plane may depend on the availability o£ other 

more highly preferred plants (Atsatt & O'Dowd 1976, Pyke et. al. 

1977, McNaughton 1978), the state of hunger of the animal 

(Goatcher & Church 1970, pulliam 1974) and individual variation 

within both the plants (Hughes 1979, Bryant & Kuropat 1980), and 

the herbivores (Arnold & Dudzinski 1978f Willms & McLean 1978).

The forage or selectivity ratio is the most comnon method of 

calculating prefeonce. This method compares the degree of 

utilisation 3f a plant species in relation to its abundance in the 

habitat, plants that are more common in the diet than in the 

habitat are said to be preferred (Petrides 1975, Pyke et. ai. 

1977, Lechowitz 1982). However whether a species is classified as 

preferred or not depends on what was viewed as being available 

(Strauss 1979, Johnson 1980, Loehle & Rittenhouse 1982). In this 

stud> had grass been included in the calculations the results
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would have been very different, especially for the impalas which 

eat much grass. Hence this technique was not chosen to demonstrate 

the patterns of preference of the herbivores.

The acceptance value of a plant species is a measure of the 

frequency with which it is eaten when encountered. Ibis solves 

much of the problem of estimating what is available to the 

animals, as only the plants within reach of the animals mouth are 

recorded as being available and no assumptions of the animals 

ability to detect plants, or of their patterns of movement within 

the habitat are imposed on the data. The acceptance values 

obtained for each species are amenable to statistical comparison 

between species and seasons, plants can be grouped into fairly 

discrete categories according to their patterns of acceptance to 

the animals (Tables 4.12. & 4.13). These groups are i.) favoured 

species of high acceptance to the animals when in leaf, most of 

these species being deciduous, ii.) intermediate species which are 

eaten throughout the year but at lower acceptance values, and

iii.) non-preferred species which are rarely eaten if at all, 

within the latter two groups are a.) the dry season reserve 

species which are eaten increasingly in the dry season as the 

availability of the favoured plants declines, and secondly b.) the 

temporary species which are eaten only when in a specific 

phenological phase, usually as immature leaves. The acceptance 

value, like most measures of preference,is is influenced by very 

small sample size. Another draw back is that this measure takes no 

account of the fact that once an animal has begun to eat a p-iant 

it may feed extensively or just nibble a few leaves.
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bio 4.12. Classification of Wocdy plant Spenias According to the patterns of Acceptance 

Browsing Ungulates.

Classification

Principal Grewla flavescens 

DlchroatBchye cinerea

Qrewia Clavescens 

Dlchrostachys clnere<

Fsvouced Conbretun zeyheri 

Etiretia riglda

VI CsX relnannl I

Acacia nllotlca 

Ehretia rigida 

Eryttn'ococca nenyliarthil 

Temlnalia Berlcoa

Buclea nataleneis 

Grewla roontlcole 

Osoroa panlculosa 

Rhus Uptodlctya 

Vitex relmarmll

Intermediate Acacia karoo Acacia karoo ’

Species Acacia i.llotioa

Acacia toitllis Acacia tortllis

Srytiirococca roonybartlil i

stryehnos cocculoides Stryehnos cocculoides

Diospyroa lyoloides

Securldaca longlpedunculata Seeuridaca longipedunculata

Acacia nllotlca 

Acacia tortllis 

Brythrococca nenyharthli 

Stryehnos cocculoides 

Gretrfa bJ color 

Securldaca longlpedunculata 

Temlnalia sericea

Internedlate 

but increasing Conbretum nolle 

Rhua loptodictya 

Stryehnos pungans 

Vacmtiuilla serlcea 

Z'zlpfiua nucronata

Carlssa bisplnoaa 

Combretura nolle 

Rhus leptodlotya 

Stryehnos pungeriB 

Soaurldace lorrgIpedunculata 

zlllphus mucronata 

Vltex rehmnnnll

Buolea undulata

C.irisaa blsplnosa 

Contbretus rmils 

tonbeya rotundifolia 

Stryehnos pungens

Ziziphus mucronata 

Eoclea nataZwisIs

Buclea undulata

Dry Season 

Reserve

Carlssa bisplnoaa 

Euclua natalensis 

Eualea undulata 

Growia montloola

Diospyros lycioidos 

Buoloa natalensis

Dioapytos lyclcldes
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Table 4.12. Continued. . .

Temporary

Species

new leaves

BurKea a£ric«na 

Dcaiwy* rotundlfolia Lannea discolor

Acacia burke! 

Burkes atrlcam 

Lannea discolor

Rejected Oi 

rarely eab

Dlchapetalum cymosun 

Peltopforun aCriconun 

Acaeia burXal 

Lannea discolor 

Orauln idcolor

cjwobub 

Peltophorun afrieamm 

Burfcea africana 

Bxrbeya rotundffoHa 

Grewia bicolor 

Grewia flava 

Grewia nontlcola 

Cchns pulchra

Dlchapetalum eynosug 

peltophorun afrlcanua
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, Classification o£ Fort) Species According to the Pattern* uf Acceptance to 

Browsing Ungulates.

classification

Favoured Pnllichie csnpestris 

Justlcia flava 

JusticU minima 

Justicla spargulaefoiia 

Uppaa javanica

palltchla canpeatris 

Tepnrosia forbesil

polUchia camfestrls 

Tephrosla forbesil 

Pentarrhinun Insipidun

Intermediate Achj-ropsis leptostaOjys 

Asparagus buchananii 

Seclw angustifoUun 

Cai5la capensls 
S«uhlni<; oacrantha 

Ccnnelina ecKlonlana 

Comelina erecta 

Elspbantorrhlzs oblfcjua 

Henbstaedtia odorata 

IrviigoEera cemosa 

Jndigofera nacra 

O istlcla Inceru 

pavonia transvaalensls 

Seneclo venosus 

Tclwletta penundta

fcchyropsia leptostadtya 

Asparagus suaveolens

'BecitAi angustifoliuo

Evolvulus alsitvsidas 

Felicia fasclcularis

PoXyqala spbemptsra 

plumbago zeylanlca 

Inaigofera macra 

JustJcla IncerCa 

Pterocoeeus aEricana 

Solanun panduraeEorma

Indigofera distincta 

Indigofera macra

Sanecio inaeguldens 

Rhynchosla confusa

Intermediate 

but increasing
Hermannla grisea

Sida cordifalia 

Waltheria indica

Justicia minima 

Uppea javanica 

Sida eordtfolle 

Waltheria Indica

Henoannia grisea 

Justlcla Elava

Waltheria indica

Achyranches siciiia 

Brayulinaa densa 

Coroaelina aErlcanim

Achyranthes sicula 

Blepnarls maderaspatansls



Dlcerocaryurt *anguebarius 

Hermannla grlsea 

Penta/rhinuo insipldun

Justicla lncerta 

Uppea javanlca 

8Ida cordiEolia

only in Che 
early part of 

the Growing

Blepfiaris madersspatensis 

Felicia fascicularis 
Hypoxls obtusa 

Ruellia cordaca

Acanthoaieeres natidlniary 

Asparagus saureierlae 

Felicia fasclcolaris 

Oftaetacanthus coetaeus 

Phyl lam thus parvulus

Vernonla ollgocepbala

Asparagus saunderii 

Asparajus suaveolei

Crabbea hirsute

Ewolvulus alsinoldes 

Fadogea montlcoU 

Hecvannia boraqlnlflora 

Indigc£era dal«oides

Helhanla prostrata 

pavetta asslmUis 

Pm  -•i'l capensis 

Pi . invuikaa inalpldun 

Salscla rehmannU 

Sida alba

Wphrosia Eorbesii 

Thunbergla negiecta 

TriumEetta sorxlecl

Achyropsls lzptostachya

Blepharls ma*sraspatensls 

Cassia cap»rrais 

Cemnelina benghalensls 

Comnellna ecklonlana 

Crotllaria pislcarpa 

ElepftmbneclHzt oMiqua 
Gompfirena celosioldes 

Herobstaedtia odoreta 

Indlgofera daleotdes 

Indlgofera vlcioldes 

Justicla anajalloldes 

Oldenlandia herbacea 

Pteeococcos africaiu 
flhynchoala confusa 

Rhynohosla venulosus 

Ruellia cordeta 

Sida alba 

Sida hoepineri 

Togetes mlnuta 

Talinum eattnm 

Thunbergla neglects 

TriumEetta sonderi

Asparagus saunderlae

Blepharls maderaspatensis 

Ccrfmeltna africsna 

Coomellna benghalensls 

Ccnnellne erecta

Comphrsna celosloldes 

Hibiscus subrenlEormls

Justicla spergulaeEolla 

Justicla anagaUoides 

Oldenlandla herbacea 

pavonia transvaalensis 

ptiyllanthus parvulus 

portuXaca quadrillda 

Solsmra penduree£orme



The third estimate of preference measured the duration of 

feeding on individual plants and hence the quantity of foliage 

eaten. The results obtained using this method generally 

significantly correlated with those obtained using the acceptance 

method, especially for the kudus. Thus the difference in time 

spent feeding on plants is not a serious problem for the measure 

of acceptance, A serious drawback of the feeding duration method 

was that it is affected by the size of the plant. The animals 

rarely fed on a plant for more than a fev, minutes before moving on 

to a different species. Hence the duration of feeding on large 

woody plants and clumped forbs may represent species selection, 

but for small bushes especially when the leaves are sparse, and 

for forbs growing in a dispersed pattern the feeding duration will 

be a reflection not only of the animals preference but of the size 

of individual plants.

All three techniques of measuring preference gave similar 

results, and often the measurements were significantly correlated. 

It was decided that the measurement of acceptance was the roost 

suitable method of assessing species selection for the purpose of 

this study, which is to relate the selection of conrnon plant 

species by browsing ungulates to the structural and chemical 

factors of these plants.

4. species Selection

All the animals ate a wide range of plant species, rarely feeding
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1974, 1978), particularly for ungulates (Leuthold 1971, Conybeare

1975, Nge'the & Box 1976, Korfhage et. al. 1980, Grunow 1980, 

Novellie 1983), and for primates (Milton 1980, Glander 1982). The 

rapidity of switching from one plant species to another suggests 

that the feeding patterns are beiny determined by a need to avoid 

injesting deleterious quantities of plant secondary compounds 

(Arnold & Hill 1972, Freeland & Janzen 1974, Nagy & Reglin 1977, 

Westoby 1978, Marten 1978, Kuropat & Bryant 1979) rather than by 

nutrient constraints (Klein 1970, Westoby 1974, Pulliam 1975, 

Belovsky 1978) as it is unlikely that the animals require to 

balance their nutrient intake over such a short time scale, but 

the animals may have a very limited capacity to tolerate each type 

of toxin potentially present in the foliage.

Most of the preferred woody plants eaten in the growing 

season, such as G. flavescens and D. cinerea are deciduous. 

Thorny, raicrophyllous species like the Acacias tended to be of low 

acceptance to the kudus when alternative foods are abundant, yet 

are favoured by the impalas which are of smaller body size.

In the dry season when the deciduous plants have shed their 

leaves the availability of foliage of these .'tvoured species 

decreases and the herbivores must relax their pceii*. \se criteria 

(Westoby 1974, Belovsky 1978) and eat more of the remaining 

species, since it is possibly more economical in terns of energy

for laore than two minutes on any one plant before moving on to a

different species. This highly diverse diet of large herbivores is

well documented in the literature (Preeland & Janzen 1974, Westoby



conservation to eat plants of a lower nutritional quality than to 

expend great amounts of energy in locating the few remaining 

plants of greater nutritional value. The standing crop biomass of 

both woody and herbaceous browse falls to 20% or less of the peak 

season biomass in savannas (Martins 1974, Novellie 1983). Since 

the majority of browse plants at Nylsvley are deciduous a similar 

decreased in biomass is to be expected. The acceptance of the 

deciduous plants which retain their old leaves on the stems, such 

as C. molle, increased in the early dry season, while that of the 

less favoured evergreen species increased as the dry season 

progressed and the favoured foods became more scarce. Evergreens 

are rarely favoured food species when other species are available 

(Leuthold 1970, Kuropat & Bryant 1980). The foliage of evergreens 

is often fibrous and frequently contains high levels of defensive 

compounds (Bryant et. al. 1983, Prudhomne 1983).

The forb species P. campestris was highly favoured by all the 

animals in the growing season, the impalas and goats also favoured 

T. forbesli. These and many other forbs die down in the dry season 

and so are not available to the animals. Several perennial forb 

species with fibrous stems showed an increased acceptance at this 

time. .

Very few species of woody plants were totally rejected. 

Several of the forb species not eaten by the kudus and impalas are 

contain known toxins (Watt & Breyer-Brandwijk 1962). The goats did 

eat some of the poisonous forbs which were ignored by the 

indigenous animals.
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One o£ the characteristic features of savannas is a pre-rain 

flush of woody plant foliage. This is attributed to the presence 

of sub-soil moisture which is available to the woody plants but 

not to the shallower rooted herbaceous plants, together with an 

increase in the photoperiod and temperature (Walker 6 Noy-Meir 

1982). The immature leaves of some early flushing woody plants 

form an important source of food to the herbivores in September 

and October, even though the mature foliage may not be eaten, the 

prime example being 0. pulchra. The impalas had a rather lower 

acceptance for these temporary food sources than the other 

animals. They preferred to feed on the new grass growth on the 

burned fire breaks. The early grass growth on burned areas is 

attributed to the increased temperature and light penetration when 

the shading effect of moribund grass is removed. The goats 

remained in a small home area which was not burned. Like the 

kudus, they had a high acceptance for new leaves of woody plants.

Plants such as D. rotundifolia which is only eaten in quantity 

when the leaves are either new or senescent are occasionally 

nibbled at other times, often for less than ten seconds. This 

suggests that the animals sample the plants in order to track the 

chemical changes taking place and possibly to prepare the rumen 

microflora for when the plant becomes edible (Glander 1981).

The goats restricted themselves to a small home area. This 

behaviour had several effects on their patterns of species 

selection. They responded more rapidly to the decline in



availability of the preferred deciduous species, and more slowly 

to the increased abundance of palatable foods in the early growing 

season, than the indigenous animals. This is probably because 

their home area was heavily browsed and the supply o£ preferred 

foods was soon depleted once the growing season ended. The goats' 

habit of eating twigs bearing buds meant less edible vegetation 

was produced in the spring and they had to continue to use the 

evergreen species well into the growing season. A very noticeable 

difference between She Heeding o£ the goats and the indigenous 

animals was the high preference and utilisation of the evergreen 

E. natalensls by the goats, particularly in the late dry season. 

At this time of year few other plant species remained in the goats 

area, consequentially they either had to eat this species or 

forage further afield.

4.5. SUMMARY OF RESULTS

a. Dietary Composition

i. Woody browse was the dominant vegetation component in the 

diet of the kudus at Nylsvley; very little grass was eaten.

ii. The impalas were preferential grazers of grt'-?n gt'ass. They 

ate a little browse throughout the year, increasing their use 

of woody plant leaves in the dry s&ason when green grass was 

scarce.

iii. The goats were mixed feeders preferring browse. They ate



considerably more grass than the kudus did in the growing 

season jut, as £oc the kudus, woody plants formed the major 

component of the diet,

iv. Both the goats and the impalas Increased their consumption of 

woody browse in the dry season, and much of that eaten was in 

the form of leaf litter. The kudus made only limited use of 

fallen leaves.

v. All the animals ate a greater proportion of woody browse than 

forbs.

vi. Fruit was actively sought out by all three animal species. 

Acacia seed pods were a favoured dry season food particularly 

for the impalas.

b. The Use of Browse Plant Species

i. The principal food species among woody plants during the 

growing season were G. flavescens, and for the kudus and 

impalas, D. cinerea.

ii. Evergreen plants contributed little to the diet of tha 

animals in the growing season but were eaten increasingly In 

the dry season. They made up a large proportion of the diet 

in the late dry season V  .» deciduous browse was 

available.
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iii. The goats ate more of the evergreen E_. natalensis than the 

other animals in the dry season possibly due to depletion of 

the favoured species within their home range.

iv. Some woody plant species were not eaten throughout most of 

the year, yet formed an important temporary food source when 

in new leaf. These include B. africana, 0. pulchra and D. 

rotundifolia.

v. Many forb species were eaten in snail quantities. The use of 

several species of perennial forbs increased in the dry 

season. The goats alone ate some species of forbs know to be 

toxic.

c. Measuring Preference

i. The acceptance value is the most useful method of measuring 

species selection by browsing ungulates for comparison with 

quantitative measures of ■_ i< chemistry. Acceptance values 

are amenable to statistical analysis. Unlike the feeding 

duration acceptance is relatively unaffected by plant size.

d. Species preference

i. Browse plant species could be categorised by the pattern o£ 

acceptance to browsing ungulates. In the growing season three 

main groups were observed:
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i.) Favoured plants which were o£ consistently high 

acceptance. These were generally deciduous species.

ii.) Intermediate species o£ moderate acceptance, generally 

comprising deciduous species and "thin-leaved" evergreens.

iii.) Non-preferred plants which were oC very low acceptance 

if eaten at all. This group includes roost of: the "thick 

leaved" evergreen species.

Within the latter two categories are two further subgroups:-

a.) Dry Season Reserve species, used increasingly as the dry 

season progresses and the availability of the favoured 

deciduous plants decreases. The first species to increase in 

acceptance being the intermediate species, then in the late 

dry season some of the non-pre£erred species also increased 

in acceptance.

b.) Temporary species, usually eaten only when in new leaf 

but rejected once the leaves have matured.

Animal S{- les Differences

Differences in the patterns of acceptance by the goats, such 

as the earlier increase in the acceptance of many dry season 

reserve species and greater a<y stance for E. natalensis, 

were probably attributable to ihair remaining in a small 

home range area in which dep: jt on of the favoured plant 

species was evident, particular!;/ i.< ;.foe dry season.
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PLANT CHEMISTRY

5.1. INTRODUCTION

Plants contain a complex mixture of nutritive and anti-nutritive 

compounds wiKiin their tissues. Nutrients are defined as those 

compounds required by animals for normal growth, maintenance and 

reproduction, protein, soluble carbohydrates and minerals are 

generally considered as nutrients, and occur mainly within the 

cell sap. The fibrous cell walls are partially available as energy 

sources to ruminants due to the production of cellulases by the 

rumen microflora (McBee 1971).

Plants also contain a variety of compoeitds originally termed 

plant secondary compounds, as they did not appear to be involved 

in the primary metabolic processes of the plants (Chew & Rodman

1979). various functions were put forward for the presence of 

these compounds which often occur in high concentrations. 

Suggestions included waste products (Sachs 1887, MUller 1969, 

Luckner 1972), storage products (Blum & Ebercon 1976, jager fi 

Meyer 1977), growth and biosynthetic regulators, (Del Moral 1972, 

Fowden 1973, Nakanishi et.al. 1974, Robinson 1974), and radiation 

shields (McClure 1975, Rhoades 1977). The idea that these 

compounds might be involved in plant defence was first suggested 

by Stahl Q888) then again by Fraenkel (1959, 1969). There is 

still some debate on the adaptive significance of secondary

CHAPTER 5.
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compounds (Robinson 1974, Seigler S Price 1976, Seigler 1977), but 

generally it is accepted Chat a major function of secondary 

compounds is in defence against pathogens and herbivores 

(Rosenthal & Janzen 1979, Harborne 1978). That is not to say that 

these compounds are only of defensive significance to the plants, 

multiple functions are to be expected (Rhoades 1979). For example 

the phenolic: resins of the creosote bush fLarrea trldentatal 

prevent damage by ultra violet radiation and dessication (Rhoades 

1977). The same function is attributed to anthocyanins in immature 

Ochna oulchra leaves (Cre&sweil st.al. 1982). Many volatile 

terpenes are adapted to pollinators and fruit-dispersers (Dodson 

et.al. 1969, Brehm & Krell 1975).

Secondary chemicals have been proven to act against pathogens 

(Bell 1S74, Deverall 1977), herbivores (Schoonhoven 1972/ McKey 

1974, Preeland & Janzen 1974, Beck & Reese 1976, Feeny 1976, 

Rhoades & Cates 1976) and against other plants (Rice 1974, 1977). 

However, some results are ambiguous due to the evolution of 

detoxification or tolerance mechanisms in specialised herbivores 

(Rhoades 1979, Levin 1979b).

The optimal defence theory (Rhoades 1979) states that 

organisms evolve and allocate defences In the way that maximises 

fitness. Defenses are costly, in terms o£ fitness, to the plant. 

Hence in the absence of herbivores the less well defended 

individuals will have the greatest fitness. The cost of defence is 

calculated, in terms of fitness lost, due to the resultant 

diversion of energy and nutrients from other needs into the
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synthesis, -..aintenance and storage of defence compounds. The 

commitment to defence is a positive function of the total nutrient 

budget of the plant, plants sliou2d evolve defences in direct 

proportion to the risk of predation- Within the plant defences 

should be allocated in proportion to the risk of herbivory on that 

tissue and the value of that tissue, in terms of fitness lost, as 

a result of herbivory. Facultative production of defence compounds 

is to be expected as it is less costly than maintaining high 

levels of defence compounds in the absence of herbivory.

That the production of defence compounds lowers the growth and 

reproductive potential of plants has been shown many times in 

polymorphic populations. The acyanogenic morphs of Trifolium 

repens have a higher vegetative and sexual vigour than the 

cyanogenic morphs {Foulds & Grime 1972). Mutants of Nicotians and 

Datura with especially high alkaloid contents are stunted (Mothes

1960). High yield crop plants are frequently very susceptible to 

pathogen and insect attack (Pimentel 1976). This suggests that 

energy and nutrients tied up in defensive chemicals are not 

available for growth, inorganic nutrients are scarce and possibly 

often limiting to the growth of plants. Other than nitrogen, and 

silica in grasses, minerals are rarely present in defence 

compounds. Most defences are composed of carbon, oxygen and 

hydrogen.

It has been proposed by Feeny (1975, 1976) and Rhoades & Cates 

(1976) that the type of defence and degree of defensive commitment 

are directly related to the risk o£ discovery of plant tissues by
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herbivores. Feeny (1976) proposed the term quantitative defences 

for substances such as tannins and resins which act in a dosage 

dependent fashion. Quantitative defences are often present at high 

concentration (Feeny 1976, Rhoades & Cates 1976), up to 60% dry 

weight in the case of tannins.

Qualitative defences on the other hand are present in low 

concentrations, often less than 2% dry weight. They protect the 

plant against generalist herbivores, but offer little protection 

against specialised herbivores which have evolved detoxification 

or tolerance mechanisms.

Quantitative defences are characteristic of "apparent'1 plant 

tissues which are easy for the herbivore to locate, such as woody 

plants, particularly comon, evergreen or late serai species and 

mature leaves. Qualitative defences are found in "unapparent" 

plants and tissues which tend to escape herbivory in time and 

space. These are the annual herbaceous species, rare, deciduous or 

early serai species and young leaves (Feeny 1976).

Rhoades and Cates (1976) point out that qualitative defences 

are mainly toxins directed against the metabolism of the herbivore

e.g. alkaloids, while quantitative defences are designed to reduce 

the digestibility of the plant tissues. With qualitative defences 

a plant is at an advantage if it is chemically different from its 

neighbours but for quantitative defences, which are not easily 

overcome by herbivores, convergent evolution is common.



Defences are allocated to tissues according to their 

vulnerability and fitness value to the plant (McKey 1974). Young 

leaves and shoots are more valuable than mature leaves (McKey 

1974) as the photosynthetic ability of leaves is highest when they 

have just reached full size (Freeland 1952, Roades & Wedding 

1953, 1956, Syversten & Cunningham 1977, Mooney 6 Gulman 1982, 

Rowson & Wordward 1976, Krischick 6 Denno 1983). loss of the 

terminal shoots may distort the growth form of the plant (McKey

1974). Defoliation at the time of flowering or seed production can 

severely reduce a plant's fitness. During the life time of a plant 

there may be drastic changes in the defensive requirements of 

different organs, and many defensive compounds are redistributed 

within the plant accordingly (McKey 1974).

If defences are costly it should be advantageous for plants to 

be less heavily defended in the absence of predators. The 

facultative production of increased levels of defence compounds in 

response to damage by herbivores has been recorded for alkaloids 

(Rhoades 1979), cyanogenic glycosides (Dement & Mooney 1974) 

phenolics (Theighs 1968, Haukioja 6 Niemela 1976, 1977) and 

protease inhibitors (Green & Ryan 1972, Benz 1977). Induction 

times recorded vary from less than 12 hours to over a year. The 

short term response must be in qualitative defences as these are 

active in small quantities.

Stress, such as drought, increases the proximal nutrient 

content of plants (White 1969, 1974, 1976) due to disruption of
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normal metabolic patterns. This produces an imbalance in the 

nutrient guality of the plant and its defences. Qualitative 

defences tend to be increased and quantitative defences decreased 

(Rhoades 1983). Changes in the levels of glycosides (Bloem 1962), 

alkaloids { Jones 1950, Bloem 1962), essential oils (Mattson & 

Addy 1975) and tannins (Cooper-Driver et.al. 1977, Rhoades 197S) 

have been recorded,

The intuitive theory of costly and cheap defences has come 

under attack. Tannins and other "costly" quantitative defences 

have a slow turnover rate (Zucker 1983), but alkaloids and other 

qualitative defences show a rapid, and often daily, turnover rate 

(Robinson 1974). The half-life o' rpenes in Peppermint was

only a few hours. Hence the cuitw. • V- jst of quantitative and 

qualitative defences may be no different Swain 1978), and for 

evergreen leaves tannins may even be cheaper (Fox 1981).

The difference between qualitative and quantitative defences 

is not absolute. A wide variety of cerpenes are found in low 

concentrations in rain forest trees. (Lincoln and Langenheim 1976, 

Lanqenheim et.al. 1978), but in Eucalyptus species terpenes are 

quantitative defences forming 20% of the dry weight of the leaves 

(Morrow & Fox 1980). Similarly some toxins such as some cardiac 

glycosides and glucosinolates also have both toxic and 

digestion-reducing abilities (Chew & Rodman 1973).

It is possible ’hat small herbaceous plants contain toxins not 

because of cost differences, but because they need a rapid acting



The cost o£ defence compounds depends on the nutritional state 

of the plants. Tannin and phenolics may cost a plant very little 

1£ they are growing in soils where nitrogen is limiting because 

the phenols may serve as a carbon sink £or excess photcsynthafce 

(Phillips & Benshaw 1977).

Young leaves usually contain nitrogenous defences. This is 

generally though to be due to the problems of storing quantitative 

defences in actively dividing tissues (McKey 1974). fowever it may 

be because of a relative shortage of carbon in limiature leaves 

until they reach their full photosynthetic potential. The young 

leaves of several plants growing in impoverished soils where 

nitrogen la limiting to growth contain carbon-based defences 

(Coley 1983, Rhoades & Cates 1976, Fox 6 Macauley 1977, McKey 

1979/ Crankshaw & Langenheim 1980, Langenheim et.al. 1980) 

presumably using carbon translocated from other parts of the 

plant. Plants growing In nitrogen poor habitats such as bogs 

(Romeo et.al. 1977) and subarctic habitats (Bryant et.al. 1983) 

rarely have nitrogenous defences. A positive correlation between 

mineral availability and concentrations of secondary chemicals 

containing them, has been established (Chew & Rodman 1979). The 

amount of sulphate given to Liliaceae and Cruciferaceae shows in 

the amount of sulphur containing isothyanate& they produce, until 

a plateau Is reached (Freeman & Mossadaghi 1970, 1971, 1972).

The allocation and type of defensive chemicals within a plant



is a complex function of the risk o£ herblvory, the fitness value 

of the tissues and the nutrient budget of the plant. This is 

further complicated by the idea of plant defence guilds (Atsatt S 

O'Dowd 1976) whereby members of a plant community are affected by, 

and in many ways functionally dependent upon,the properties of 

other members of the plant community, i.e. a plant may gain 

protection from its association with other repellant plants as a 

non-discriminating herbivore will avoid the guild as a whole.

5.2. METHODS

The plant species chosen for chemical analysis were all abundant 

within the enclosure in which the tame animals were kept. The 14 

woody plant species were chosen to give a range of utilisation by 

browsers {Nitkowski 1980) and to represent a variety of plant 

families and growth forms. No previous study of the utilisation of 

the forb species by manroalian herbivores had been done so the 10 

most common forb species were chosen.

plant samples for analysis were collected from a fenced off 

area surrounding the weather station. Immediately to the west of; 

the enclosure. This area was protected from brow' .ng but the 

plants were growing under a similar soil nutrient regime as those 

eaten by the tame animals. Composite sanples collected from 

approximately 5 to 10 individuals of the same species were used in 

order to reduce variation due to individual differences. All 

collections were made between 7 and 9 a.m. before the ambient



5-9

temperature became too high. Wilting is known to cause chemical 

changes in plants, particularly in cyanogenic glycoside levels and 

daily variation in alkaloid (Robinson 1974), moisture (Haukioja 

et.al. 1978) and nitrogen levels (Durzan 1968) are well 

documented.

The plants were then sorted into leaves and stems of a length 

which would be eatod by the animals. Any foliage showing heavy 

insect damage or disease was discarded* In the field the animals 

rarely ate such leaves. The samples were washed briefly in 

deionised water to remove contaminating dust, then dried to 

constant weight in forced-draught ovens at 50-60'C.

Samples were collected for nutrient and fibre analysis from 

September 1980 to November 1981. The collection schedule for 

nutrient and fibre analysis was initially weekly in September and 

October when the new foliage was emerging and chemical changes 

were expected to be rapid, then every two weeks in November and 

December when young leaves were predominant, and in April and Nay 

at the start o£ the dry season. In the remaining months when 

chemical changes were probably less rapid, samples were collected 

on a monthly basis. The samples were analysed at the National Food 

Research Laboratories of the c.S.l.R. in Pretoria. Recurrent 

staffing problems lead to the number of analyses being halved and 

all the stem samples being grouped into two categories, as soft 

and hardened stems.

Samples were collected for secondary chemical analysis over



the period September 1981 to August 1982. Samples of leaves of 

each phenological phase, i.e. new, young, mature, old and dried 

leaves, were collected. These samples were prepared in the same 

manner as the samples for nutrient and fibre analysis. Most of the 

tests were carried out by the researcher and a student assistant 

in the Department of chemistry at the University of the 

Witwatersrand, Johannesburg. Analysis oC condensed tannins were 

done by the researcher at the Sorghum Beer Unit, C.S.X.R. Pretoria 

and the analysis o£ total polyphenols was contracted out to the 

same unit.

Essential nutrients conventionally include water, energy, 

minerals, vitamins and amino-acids. For ruminants amino-acids are 

considered under the general nitrogen requirement because of the 

synthetic capabilities of the rumen microflora. The vitamin B 

complex and vitamin K are also synthesised by the rumen 

microflora. The vitamin c is destroyed in the rumen but the 

ruminant can synthesise this vitamin. Ruminants require external 

sources of the fat-soluble vitamins A, D and E, essential fatty 

acids and minerals (Van Soest 1982). The minerals regarded as 

essential in ruminant nutrition are nitrogen, phosphorus, 

potassium, calcium, magnesium, sodium and the trace elements. 

(Fleming 1973). Plant samples ware analysed for the major cations.
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S. Expecvf'ntal

1. Nitrogen

The nitrogen content o£ the dried plant material was measured by 

the Kjeldahl procedure using a Kjeldahl-Foss Automatic Analyser. 

Proteins are converted to anino-acids, nitrate, then ammonium 

sulphate and hence to free ammoniwn which fs dissolved in 48 boric 

acid and titrated with o.l N HCl to form NH4C1.

This procedure measures protein and nucleic-acids and is 

relatively unaffected by other nitrogen containing contaminants 

such as alkaloids. Crude protein is estimated as N x 6.25, as 

crude protein contains 16% nitrogen, but this is not absolutely 

accurate. The nitrogen content of plant proteins varies from 15% 

to 16% {Van Soest 1982). True protein is generally 10% less than 

the kjeldahl crude protein estimate.

Yet the Kjeldahl technique is an improvement on proximal 

analysis of nitrogen where the plant tissue is ashed before 

analysis, proximal nitrogen includes inorganic N, free-amino 

acids, low molecular weight peptides, nucleic acids and alkaloids. 

The true protein content of the vegetation is 75 - 80% of the 

crude protein value calculated by proximal analysis (Van Soest 

1982). The relationship between protein content and nutritional 

value is further complicated by fibre-bound proteins which may be 

indigestible to the animals. Between 1.5% and 2% of the nitrogen 

is bound to lignln in grasses and legumes, but the figure is much
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less for woody plants ( Van Soest 1982).

ii. Phosphorus

The measuranent of phosphorus is based on Che destruction of all 

the organic matter and the conversion of organic phosphorus 

compounds to mineral phosphates by hydrolysis with hot 10N H2S04 

followed by hot 10N perchloric acid. The mineral phosphates are 

then converted to phospho-molybdates which on reduction with 

hydrazine sulphate give a blue colour which is measured 

colourimetrically against that of a known standard,

iii. Other Minerals

Sampljs for mineral analysis were ashed and hydrolysed with conc. 

HN03, then HCl. Lanthanum oxide in HC1 was added to aqueous 

solution of the residual ash and the concentration of potassium, 

calcium, magnesium an'l sodium were measured by Atomic Absorption 

Spectroscopy using an air-acetylene flame. This technique uses the 

resonance lines in the atomic spectrum characteristic of each 

element. The Beer - Lambert Law states that the absorption is 

proportional to the concentration for a given absorption path 

length at any given wavelength.

2. Fibre

The main components of olant cell walls are the polysaccharides, 

cellulose and hemicellulose, and lignin which is a phenolic
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polymer.

Cellulose forms ✓4-50% of the dry mass of most plants. It is a 

polymer of glucose. Higher animals can only obtain energy from 

cellulose through intermediate microbial fermentation. The 

digestibility of cellulose varies from 0-100% depending on 

intrinsic factors such as the crystalinity of the cellulose and 

its association with lignin, cutin and silica. For this reason 

cellulose should not be considered nutritionally as a single 

substance. The fermentation rate of cellulose is affected by the 

plant species, the environment and maturity of the foliage (Van 

Soest 1982). Hemicellulose is more chemically diverse than 

cellulose being made up of xylose, arabinose, galactose or 

gluronic acid in a large array of linkages. The two main forms of 

hemicellulose are the pentosans, based on xylose, which form the 

bulk of the hemicellulose fraction of non-woody plants, and 

hexosans which are the main hemicellulose fraction of woody plants 

(Bally 1973).

The third component of the cell walls is lignin. Lignin is a 

high molecular weight phenolic polymer formed by the oxidation of 

cinnamyl alcohols. It cannot be degraded by either mammalian 

digestive enzymes or the rumen-flora. Lignin occurs in the mature 

cell walls of all vascular plants where it is distributed as a 

non-crystalline Inclusion through out the entire cell wall, Lignin 

contributes to the stiffening and rigidity of the plant cell walls 

and internal structures (Swain 1979). Lignin also protects the 

plants against microbial attack by reducing the availability of
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digestible cell wall polysaccharides (Swain 1979). The lignin to 

cellulose ratio is the best indicator of digestibility of foroge 

(Robbins St Moen 1975, Reed 1984).

Browsers have a shorter retention time than grazers as grass 

has a slow fermentation rate but contains relatively little 

lignin, while browsers cannot get any further nutrition from the 

lignin complexes in browse (Reed 1984).

a. Experimental

Fibre was estimated using Detergent Fibre Analysis. (Van Soest & 

Wine 1967). This technique is generally superior to proximate 

analysis in terms of partitioning cell-wall constituents into 

meaningful entities (Mould 6 Robbins 1981/ Van Soest 1982). The 

method was developed for analysing cereals and graminoid feeds for 

livestock. Browse differs from many graminoids in that it contains 

significant amounts of cutin (Robbins et. al. 1975) and phenolic 

compounds (Peeny & Bostock 1968) which may bind to the fibre.

Ibtal fibre as measured by neutral detergent fibre includes 

approximately 5% pectins which are fully digestible by ruminants 

and 20~3(s% of the protein^ some of which are bound to the fibre, 

hence are probably digestible.

Approximately 23% of the hemicellijlose is lost in the 

extraction. The use of sodium sulphide in the extraction procedure
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Acid detergent fibre is a ligno-cellulose complex. This 

fraction’ also contains approximately 20% of the cell proteins. 

Phenolic substances form irreversible complexes with acid 

detergent fibre. Sequential extraction with r.autral and acid 

detergents are less contaminated with protein (Mould S Robbins 

1981) but unfortunately separate extractions were used for this 

study. Further extraction of the acid detergent fibre with B2S04 

removes the cellulose to give acid detergent lignins. Ashing this 

fraction gives a residue of cutin, silica and mineral ash and 

allows the estimation of lignin.

Hemicellulose in browse should be determined colourlmetrically 

rather than by subtraction of acid detergent fibre from neutral 

detergent fibre {Mould & Robbins 1981).

3. Plant Secondary Compounds.

There are a vast range of highly diverse secondary compounds 

present in plants. The plant samples collected at Nylsvley were 

quantitatively analysed for enzyme-inhibiting polyphenols and 

condensed tannins, and screened for the presence of the major 

groups of toxic compounds, namely alkaloids, cyanogenic 

glycosides, mono- and sesqui-terpenes, saponins and ether - 

extfactable compounds. Many other secondary compounds are also

reduces protein retention but may cause delignification and

further loss of hemicellulose. In this study sodium lauryl

sulphate was used to decrease contamination with residual protein.
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glycosides, mono- and sesqui-terpenes, saponins and ether - 

extractable compounds. Many other secondary compounds are also

reduces protein retention but may cause delignification and

further loss of hemicellulose. in this study sodium lauryl

sulphate was used to decrease contamination with residual protein.
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found in plants but these are either relatively rare such as 

cardiac glycosides, or like non-protein amino-acids and lectins, 

found most frequently in seeds. (Ap.lin 1976, Levin 1976a, 

Rosenthal & Janzen 1979).

i- phenolic Compounds (Tannins)

Phenolic compounds are second only to carbohydrates in prevalence. 

They display ynsat structural heterogeneity ranging from simple 

phenolics, based on a six carbon aromatic ring to complex 

polymeric structures such as tannins and lignins (Levin 1971). 

Most plants contain a comp2ex mixture o£ phenolics. With the 

exception of the isoflavones which are estrogenic (Braden & 

McDonald 1970, Harborne 1979) and coumarins, which are hemorrhagic 

due to their anti-vitamin K activity (Levin 1976b, van Soest

1982), simple phenolics are rarely toxic to herbivores (Levin 

1971).

polyphenols are however implicated in plant defence. Tannins 

are polyphenols with molecular weights between 500-3000; which 

have the special ability to precipitate proteins and 

polysaccharides (Bate-Smith 6 Swain 1962). Tannins Call into two 

chemically distinct classes, the hydrolyzable and condensed 

tannins. Much confusion has been caused in the literature 

pertaining to tannins because of the failure to realise the 

different modes of action o£ these two types of tannins.

Hydrolyzable tannins are divided into two types*. The
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qallatannins which yield gallic acid upon hydrolysis, and the 

ellagi tannins which yield ellagic acid. Both types of hydrolyzable 

tannins have a carbohydrate core. Specialist herbivores and 

microbes can degrade hydrolyzable tannins by hydrolyzing this 

carbohydrate core, Gallotannins are disk shaped molecules, while 

the spherical molecules of ellagitannins show greater structural 

diversity (Zucker 1983)■ This structural diversity of hydrolyzable 

tannins allows specificity towards proteins and other targets. 

This can be viewed ss another sample of the co-evolutionary 

processes leading to the “arms race'1 between plants and their 

enemies. According to Zucker (1983) hydrolyzable tannins should be 

seen as specific inhibitors not generalised proteins digestibility 

reducing substances as envisaged by Rhoades & Cates (1976).

Condensed tannins contain no carbohydrate core and 

consequentially are less easily degraded. These helical molecules 

are derived from the condensation of flavonoid precursors called 

procyanadins and prodelphinidins. Condensed tannins are less 

structurally diverse than hydrolyzable tannins and probably act in 

a more generalised fashion (Zucker 1983).

Hydrolyzable tannins are stored in cell vacuoles but condensed 

tannins are bound to the cellulose, pectin and starches of the 

cell walls (Hagerman and Butler 1980).

Tannins complex with proteins (Van Sumere et, al, 1975), 

cellulose, pectin, starch and alkaloids (Swain 1965, Haslam 1979) 

by means of hydrogen, ionic and covalent bonds (Zucker 1983).
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Condensed tannin complexes are more stable than fchos* of 

hydrolyzable tannins and condensed tannins also bind more closely 

with cellulose (Swain 1956). The binding of condensed tannins 

decreases at pH values above 8 and that o£ hydrolyzable tannins at 

pHs above 5 (Van Sumere et. al. 1975).

It has been postulated that the major role of condensed 

tannins is to protect the plants from microbial and fungal attack 

(Swain 1978, Zucker 1983) since condensed tannins bind strongly 

with the proteins and polysaccharides found associated with the 

cell organelles (Swain 1965) and in the primary and secondary 

layers o£ the cell wall (McClure 1979, Swain 1979, Darvil et. al. 

1980). These associations are relatively irreversible. Microbes 

exude exo-enzymes capable of utilising cellulose or pectin and 

hence breaching the cell walls, if condensed tannins are complexed 

with these substances the microbial enzymes will be deprived of 

binding sites (Zucker 1983). If the tannin complex persists after 

the leaves are shed they could serve to delay the breakdown of 

leaf-litter, thus preventing the loss of nutrients via too rapid 

seasonal leaching. (Zucker 1983). Condensed tannins may also 

inhibit the digestion of plants by ruminants through their effect 

upon microbial fermentation in the rumen (Waterman et. al. 1980). 

Insects obtain little food value from plant cell walls (Mattson

1980) so should be less Elected by condensed tannins (Zucker

1983).

Hydrolyzable tannins are less inhibitory to microbes than are 

condensed tannins (Gustavson 1956, Pridham 1960, Feeny 1969).
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Hydrolyzable tannins are more astringent than condensed tannins 

(Bate-Smith 1972). Astringency Is caused by the binding of the 

glycoproteins in the mouth and is characteristic of tannins. 

Hydrolyzable tannins are not readily absorbed into the circulatory 

system. Their action upon herbivores is by the precipitation of 

digestive enzymes and the binding of food proteins (Zucker 1981). 

Ruminants can tolerate fairly high levels of hydrolyzable tannins 

due to the relatively alkaline conditions in the rumen and the 

hydrolysis of these substances by the rumenflora (McLeod 1970).

Tannins seem to be characteristic of perennial plants and are 

relatively rare in herbaceous species (Bate-Snith 1972). An 

estimated 80% of dicotyledonous woody perennials contain tannins 

as compared to 15% of the herbaceous species (Cates 6 Rhoades 

1977). Condensed tannins are widely distributed in vascular 

plants, but hydrolyzable tannins are restricted to the 

dicotyledons (Swain 1976).

The seasonal distribution of the two types of tannins are 

reported to differ. Condensed tannins are probably synthesised 

according to microbial infection and degrade slowly (Zucker 1983). 

Hence they are at a maximum at the end of the growing season 

(Cooper-Driver et. al. 1977, Dement and Mooney 1974). Hydrolyzable 

tannins on the other hand are at a maximum in the early growing 

season when insect predation is heaviest and are degraded more 

rapidly (Feeny St Bostock 1968).
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a. Experimental

i. Enzyme-inhibiting polyphenols.

The enzyme inhibitory fraction of the total polyphenols in plants, 

which includes both hydrolyzable and condensed tannins, was 

measured by the Jerumanis method (Jerumanis 1972). Plant material 

was extracted in 75% dimethylformamide £or one hour and 

centrifuged. This extracts polymeric phenols. Tl.e extract was then 

mixed with water, then 3.51 ferric ammonium citrate, then 8% 

ammonia solution. Polyphenols react with ferric ions in alkaline 

solution to produce a green/yellow dye. After 10 minutes the 

absorbance of the solution was determined at 525nm and compared to 

identically treated tannic acid standard . The results obtained by 

the Jerumanis method correlate well with the inhibition of grain 

enzymes due to the proteolytic activities of polyphenols (Daiber

1975).

This is in contrast to the more frequently used Folin-Denis 

reagent (A.O.A.C. 1980) for which no correlation between the total 

polyphenols measured and their ability to precipitate proteins was 

observed {Martin 6 Martin 1982, Van Soest 1962). The reactions vsre 

also affected by the degree of polymerisation of the phenolics 

(Swain & Goldstein 1965). The Folin-Denis reagent reacts with many 

phenols which do not precipitate proteins and several non-phenolic 

substances, m  addition the more oxidised phenols are among the 

least reactive to this reagent. Another frequently used technique
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for determining total po2yphenols is the relative astringency test 

(Bate-Smith 1973), where the ability to precipitate haemoglobin 

relative to a standard tannin is measured. This test needs a 

relatively high concentration of tannii before haemoglobin is 

precipitated and many plant extracts absorb light at the same 

wavelength as haemoglobin (Martin & Martin 1982).

if. Condensed tannins

Condensed tannins were quantitatively measured by the Sate-Smith 

Proanthocyanidin method (Bate-Smith 1977) which involves the 

hydrolysis of condensed tannins into coloured flavonoid precursors 

which can be measured colourmetrically.

Conventionally this method involves extraction of plant 

material in hot aqueous methanol. However, this also extracts up 

to half the protein which binds with tannin. Using 70% acetone 

resolves this problem (Glennie pers. comm.), lire acetone extract 

was concentrated to dryness and taken up again in a known volume 

of warm acetone, condensed tannins were determined by heating an 

aliquot with n-butanol containing 5% HC1 for two hours at 95 

degrees C. This hydrolyses the condensed tannin into its coloured 

precursors procyanidin and prodelphinidin. The absorbance was then 

read over the range 545-560 nm. The standard used was Sorghum III 

tannin which is known to be condensed (Kaluza et.al. 1980), The 

American standard quebracho tannin was not available in South 

Africa.
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Any other monomeric flavonoids present in the plant tissues 

may also be included in the colour reaction. Martin & Martin 

(1992) found that this method did not measuce levels of 

extractable protein precipitating phenolics in graminoids, but 

condensed tannins in plants do have other functions (Zucker 1983). 

However, it does mean that subtracting condensed tannin from total 

polyphenols as measured by the Jerumanis method does not give a 

good estimation of the hydrolyzable tannin content.

Another frequently used technique of measuring for tannins is 

the vanillin - HC1 method (Burns 1971). However this technique was 

found to be highly temperature dependent (price et.al. 1978), 

and did not relate to the protein-precipitating abilities of 

poplyphenols (Daiber 1975).

Condensed tannins are rarely fully extractable from plant 

material. Damage to the cells prior to drying, and drying at 

temperatures much above 50 degrees C can combine tannins 

irreversibly with other cell wall polymers. Extraction also 

becomes more difficult as the foliage matures (Swain 2979).

ii. Alkaloids

Alkaloids occur in over 300 plant families and 7500 species (Li & 

Wtllaman 1972). They are found mainly in dicotyledonous species 

and only infrequently in gymnosperras and monocotyledons. Within 

the dicotyledons alkaloids are more prevalent in annual species 

than in perennial plants.
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Alkaloids are a structurally diverse group of compounds 

Incorporating nitcogen In a heterocyclic and / oc aromatic ring. 

These compounds are usually synthesised from amino-acids (Robinson 

1979). The primary site of synthesis is in the roots. The 

alkaloids are bound to sugars and transported to other sites 

within the plants, where they are stored in vacuoles (McKey 1974, 

Levin 1976). Some bound alkaloids may also be stored In the 

cytoplasm (Robinson 2979).

Within the plants alkaloids tend to be found In active 

tissues, epidermal layers, vascular sheaths and latex vessels 

(Robinson 2979). Alkaloid concentrations are affected by ee?.aphic 

factors and such as climatic conditions and soil types (James 

1950). In addition seasonal and diurnal changes occur (Robinson 

1974, 1979). As with other "qualitative" defences alkaloid 

contents tend to be highest in young tissues, gradually declining 

with senescence (James 1950, Lee & Waller 1972, Robinson 1979).

There is a greater incidence of alkaloidal plants in the 

tropics and at low latitudes. This is attributed to the greater 

productivity and increased pest pressure in these sites (McNair 

1935, Levin 1976).

The anti-microbial properties of alkaloids have been well 

documented in agricultural plants {Mltschner et.al. 1972, Roddick 

1974, Levin 1976), as is the facultative production o£ alkaloids
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in response to tissue damage (James 1950, McKey 1974). Alkaloids 

are frequently highly toxic to many animals (Bull et. al. 1968, 

Schoonhoven 1972, Mattocks 1972, Culvenor 1973, Roddick 1974, 

Hedin et. al. 1974, Janzen et. al. 1977) although the effect on 

some insects is equivocal (Hanley & Thorsteinsen 1967, Levin 1976) 

as certain insects can detoxify specific alkaloids. Alkaloids have 

a bitter taste to mammals {Kingsbury 1964). Although not all 

alkaloids are toxic some can severely disrupt the an? sals 

metabolism through their action on the metabolism ofs-

i.) UNA replication, RNA transcription and protein synthesis.

ii.) Membrane transfer processes.

iii.) Enzyme activity.

iv.) Blocking receptor sites for endogenous chemical 

transmitters.

v.) Affecting the conformation of other macro-molecules 

(Robinson 1979).

Alkaloids can be detoxified in small quantities by the mixed 

function oxidase system of animals and by the rumen-microflora 

(Kingsbury 1964). However, in some cases, such as the Senecio 

alkaloids, the metabolites are more toxic than the alkaloid itself 

(Mattocks 1972).

a. Experimental

Because alkaloids are so heterogeneous chemically, and there are 

so many of them, they cannot be identified in plant extracts using 

a single chromatographic criterion. However, a number of special
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“alkaloid reagents" have been devised for screening for alkaloids. 

Of these the most common are Dragendorffs reagent and Mayers 

reagent (Robinson 1979).

Dragendorffs reagent is a solution oc potassium 

tetraiodobismuthate which reacts to give a deep orange complex 

with many basic compounds including some non-alkaloids like 

choline (Bregoff et.al, 1953). It also reacts with a few non-basic 

substances especially carbonyl compounds (Farnsworth et.al. 1962). 

Dragendorffs reagent reacts with neutral alkaloids (Robinson & 

Fowell 1959) but not with coranon amino-acids (Winek & Fitzgerald 

1961).

Mayers reagent is potassium tetraiodomercurrate (Crotrwell 1955, 

Szasz Si Buda 1971). It gives an off-white precipitate with 

alkaloids but also with some other types of plant constituents 

(Robinson 1979). This reagent works best in slighly acid solution.

The plant material was extracted with methanolic HC1 (2ftnl 

ttetfiiinol + 5rol 0,2m HC1) at room temperature for 24 hours. This 

was then evaporated to dryness and taken up in aqueous HC1.

i.) A drop of extract was applied to .'.Iter paper adjacent to a 

drop of Dragendorffs reagent (Raffauf 1962) and the darkening of 

the reagent noted in the area of fusion.

ii.) A few rals of solution were added to Mayers reagent in a test 

tube and the formation of a precipitate noted.

Precipitation was quantified as cloudy (+) slight +, intermediate
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-H-, strong +++.

iii. Cyanogenic Glycosides

Cyanogenesis is a widespread phenomenon in higher plants. The 

tissues of at least 100 plant families and 500 genera produce HCN 

when crushed (Gibbs 1974). Families noted for this phenomenon are 

the Rosaceae, Leguminosae, Gramineae, Araceae, ComposItae, 

Buphocbiaceae and passifloraceae. The cyanogenic potential of most 

plants may be attributed to one of 23 known cyanogenic glycosides 

(Seigler 1977).

Cyanogenic glycosides are prevalent in young tissues (Jones 

1962, Rehr 1972). Genetic polymorphism is widespread in cyanogenic 

species {Jones 1971, Nass 1972, Cooper-Driver & Swain 1976, 

Barborne 1977, Conn 1979).

Cyanogenic glycosides are formed from a cyanogen (CN) molecule 

combined with a sugar. Upon hydrolysis prussic acid (HCN) is 

released (Alpin 197G). Cyanogenic glycosides are stored in 

vacuoles in the epidermal cells and the necessary hydrolysing 

enzymss are in the mesophyll cells (Conn 1979, Kojima et. al. 

1979). Hence HCN is only liberated when the tissues are crushed. 

HCN combines irreversibly with the cytochrome oxidass enzymes 

leading to asphixiation at the cellular level (Lewis & Elvin-Lewis 

1977, Conn 1979). Many insects are poisoned by HCN (Gilmour 1961, 

Keister & Beck 1964, Greshoff 1967) but sane arc able to detoxify 

it (Parsons & Rothschild 1964, Rehr et. al. 1973). Specialised
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insects such as the Heliconid butterflies even sequester 

cyanogenic glycosides from the food for their own defence (Gilbert 

1971).

Cyanogenic glycosides ace bitter to mammals and have often 

been the cause of stock losses (Kingsbury 1964). Ruminants are 

particularly susceptible to cyanide poisoning as the rumen 

micrcflora and the relatively high pH of the rumen promote 

hydrolysis (Moran 1954). Detoxification in mammals is by the 

R:i2yme rhodanase, which is situated mainly in the liver and 

kidneys. Some iitmunity to cyanide poit-.o'̂ og can be acquired but 

frequently the animals develop othe>. s-ymptonis such as goitre 

(Butler et. al. 1957).

a. Experimental

A  snail quantity of dried plant material was placed in a test tube 

with a drop of water, two dropfs of toluene and lmg of emulsion (B- 

glucosidase), A picrate paper was suspended above the mixture and 

the tube firmly corked and left to incubate overnight at room 

temperature. Any release of HCN is detected by the darkening of 

the picrate paper (Harborne 1973). Certain volatile aldehydes and 

ketones as well as H2S and SQ2 also discolour picric acid 

(Farnsworth 1966). A blank and a tube containing crushed almonds, 

rich in cyanogenic glycosides, were run as controls. The tests 

were repeated twice, once with a dry picrate paper and once with a 

wet paper.
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iv. Saponins

Saponins have both toxic and digestion reducing properties 

{Isbaaya & Birk 1963). Saponins are the glycosides o£ triterpenes 

or sterols and have been found in over 80 plant families (Basu & 

Rastegi 1967). They are found in all parts of the plant but 

especially in the roots {Preston et. al. 1°64). Saponin levels are 

low in immature tissues and are highest in mature leaves (ishaaya 

& Birk 1965), and at the initiation of flowering. Saponin levels in 

plants decline as the plants senesce {Drozdz 1962, Marav'eva et. 

al. 1964).

Saponins alter the surface tension of the rurainal contents. 

This causes the gases produced by microbial fermentation to be 

trapped in froth causing rumen bloat (McCandlish 1937, Quin 1942, 

Olaron 1944, Lindahl et. al. 1954, 1957). The rumen microbes 

degrade saponins so ruminants are rarely poisoned by these 

substances. Saponins are not readily absorbed into the circulatory 

system but may enter through abrasion to the gut wall,. Saponins 

have been proven to cause the death of sheep feeding on 

Alfombrella forage {Coburn-Williams 1978). Saponins containing 

medicagenlc acid precipitate cholesterol (Gestetner et. al. 1971a 

& b). They have a strong haemolytic activity due to their ability 

to displace endogenous lipids from the lipoproteins of cell 

membranes (Gurd I960), thereby causing the breakdown of cell 

membranes.

Saponins have some antimicrobial properties and interfere with



water reabsorption in the hindgut o£ insets (Applebaum & Birk 

1972, Applebaum et. al. 1969).

a. Experimental

The formation o£ persistant foams during extraction is reliable 

evidence that saponins are present (Harborne 1973). A simple test 

for saponins is to shake up an aqueous alcoholic plant extract in 

a test tube. The formation of a persistant foam indicates the 

presence of saponins. There is a good correlation between the 

amount of foam formed and the concentration of saponins present 

(O'Dell et. al. 1959). Saponins were also detected by thin layer 

chromatography (TtC) whereby plant extracts ace separated out by 

selected solvents and identified by spraying with specific colour 

reagents.

Dried plant tissue was hydrolysed with 0.2M HCl for 4 hours. 

After cooling the solution was neutralised and the dried residue 

refluxed Xn hexane for 2 hours. The hexane was then evaporated off 

and the residue taken up in CHC13. This solution was then 

subjected to TLC on silica gel in three separate solvents, CHC13 - 

Me2C0 (4:1) CHC13 - EtoAc {1:1) and hexane - Me2C03 (4:1). The 

best separation was achieved with hexane - Me2C03 {4:1).

Saponins were then detected as pink and purple spot* by 

spraying the plates with 5% antimony chloride in conc. HCl, and 

the heating at 110 degrees C for 10 minutes (Harborne 1973). 

Antimony chloride may also react with some terpenoids (Glennie
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pers. comm.).

v. Mono- and sesqui-terpenes

Like saponins terpenes have both toxic and digestion-reducing 

properties. Terpenoids represent one of the largest and 

biologically most important classes o£ natural products. They are 

found in all plants and show a great structural and functional 

diversity (Mabry fi Gill 1979).

Terpenoids are based on the isoprene molecule and classified 

by the number of these C5 units they contain. Monoterpenes (C10) 

and sesquiterpenes (C15) are known as the essential oils. These 

are localised in the cytoplasm or in glandular cells. ?mong the 

plant families some of the richest in these compounds are the 

Compositae, Labiatae and Myrtaceae. Of the 900 known 

sesquiterpenes virtually all are restricted to the Compositae 

(Harborne 1973). These lower terpenes are usually bitter or 

pungent and occur in complex mixtures in the cells.

Mono- and sesqul- terpenes frequently have an antimicrobial 

function (Stroessel 1970, Rockwood 1974, Levin 1976b), for example 

the oils In citrus peel {Dabbah ©t. al. 1970). Monoterpenes have 

also been proven to inhibit the rumen microflora of deer, and 

hence inhibit digestion (Nagy et. al. 1964, Oh et. al. 1968.. 

Radwan & Ellis 1975) while sesquiterpenes have been implicated in 

sheep losses (de <ock et. al. 1968, Witzel et. al. 1976). 

Essential oils are often harmful to insects (Burnett et. al. 1974,
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1961)- ft well known natural insecticide is the monoterpene 

pyrethrin (Elliot & James 1973). Other functions of sesquiterpenes 

include allelopathic reactions by Artemisia species (McCohen et. 

al. 19731.

Many o£ the higher terpenes are also toxic. The diterpene 

glossypol in cotton and the irritant in the latex o£ Euphorbia 

species are examples (Mabry & Gill 1979). Toxic triterpenes 

include the lantadenes of some Lantana species (Hart et. al. 1976 

a & b) and the exceedingly bitter curcurbitacins from members of 

the Cucurbitaceae (Mabry 6 Gill 1979}.

a. Experimental

For the detection of mono~ and sesqui- terpenes dried plant 

material was extracted in ether for an hour, then the filtrate was 

concentrated down and subjected to TLC in benzene : chloroform 

(1:1). The plates were irradiated by UV light, dark spots 

indicating the presence of terpenes. The plates were then sprayed 

with vanillin - H2S04 reagent and heated at 100 degrees C for 10 

minutes. Mauve to brown spots indicate the presence of mono- and 

sesqui- terpenes.

Replicate plates were sprayed with 2-4 dinitrophenyl hydrazine 

to detect terpenes with ketonic groups, which show as orange spots 

on a yellow background. Terpenes with double bonds were detected 

on the third set of replicate plates as red spots when the plates 

were exposed to bromine vapour after being sprayed with 0.05%
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flourescein in water (Harborne 1973).

Control plates were run using prepared mono-terpenes: Carvone 

which has both a ketonic group and a double bond, citral and 

citronellal which have an aldehyde group and a double bond and 

terpineol with only a double bond (Marais pers. comm.).

vi. Ether-extractable Compounds

Ether extracts crude fats and terpenoid and phenolic resins and 

waxes from plant material (Bryant 4 Kuropat 1980, Van Soest 1982). 

Despite being an amorphous chemical grouping ether-extractable 

materials are frequently mentioned in fjeding and digestion 

studies and have been Important leads to finding the deterrent 

chemicals of browse in Northern America (Oh et. al. 1967, 1970, 

Radwan 1972) and Alaska (Bryant & Kuropat 1980).

a. Experimental

Dried plant material was extracted in ether overnight, then 

filtered and washed until the filtrate was colourless. The 

filtrate was then evaporated to dryness at room temperature and 

the residue weighed.
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5.3. RESULTS 

1. Nutrients 

a. Woody plants

i. Nitrogen

The newly emerged leaves of woody plant species were rich in 

nitrogen. The highest were the new leaves of A. tortills 

containing 3.9 + 0.2% dry weight o£ nitrogen or 24.4% crude 

protein (Table 5.1.) The nitrogen concentration of the foliage 

decreased significantly as the leaves matured, then declined 

steadily throughout the year as the leaves aged (Fig 5.1.). Ths 

initial decrease was particularly marked for 0. pulchra. The new, 

red, leaves ware rich in nitrogen but by maturity the nitrogen 

concentration o£ the leaves had halved, in the early dry season 

the leaves began to yellow. The nitrogen content of the richest 

species was 1.9 - 2.4% (12 - 16% protein) at this time and 1.2% 

(7.5% protein) for the poorest species. By the end of the dry 

seasoii only a few dried leaves of the deciduous species remained 

on the bushes. Most of these leaves had an average nitrogen 

content of 1.3% (8% protein), although the dead leaves of the 

thorny species and D. rotundifolia still contained over 1.6% 

nitrogen (10% protein). The evergreen species E. natalensis and 

S_. pungens had a nitrogen content of 1.5 and 1.6% respectively 

similar to that of the dried leaves of several deciduous jipecies.
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Thorny planes 

A  = A. nilotica 

O  = D. cinerea

Favoured 

Non-thorny 

a  = V. rehmannii 

O  = G. flavescens
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Early Dry Season 

A =  C. molle 
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Non-preferred and 

Late Dry Season 

A  = B. natalensis 
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{1 = New leaves; 2 = Young leaves; 3 = Mature leaves; 4 = Old leaves; 5 = Dried leaves)

Fig 5.1. Changes in the concentration of Nitrogen in the leaves of woody plants throughout the year. 

Plants grouped according to their acceptance to browsing ungulates.
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The plants with the highest nitrogen contents in the mature 

leaves ••'■•e the three thorny species A. nllotica, A. tortllis and 

D. cinefea, all of which are In the leguminous sub-family 

Mimosoideae* G. flavescens and D. rotundlfolia were also rich in 

nitrogen. leaves of all these species contained at least 2.5% 

nitrogen (16« protein). C. molle and the less favoured species, 0. 

pulchra, P. af ricanuro, T. sericea and the evergreen E. natalensis 

contained only 1.5% nitrogen {9 - 10% protean) in their mature 

leaves. The lowest protein content recorded for woody plant leaves 

was 6.2% for the dried leaves of 0 . pulchra.

The nitrogen -.intent of steins was less than that of leaves. 

Soft new stems contained more nitrogen than the hardened stems. 

The soft shoots of D. rotundlfolia. R. leotodictva and the thorny 

species contained around 2% nitrogen (10 - 13% protein) and those 

of V. rehmannii, E. natalensis and T. sericea contained only half 

this quantity. Hardened stems contained approximately 1.2 - 0.7% 

nitrogen. The hardened stems of D. cinerea and R. leptodlctya were 

richest in nitrogen and those of C. molle and T. sericea poorest.

ii. phosphorus

The seasonal pattern of distribution of phosphorus in woody plant 

foliage was similar to that of nitrogen, with the new leaves being 

rich In this mineral until they matured, and thereafter exhibiting 

a slow decline in phosphorus levels (Pig S.2.).
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Leaf Phenology

(1 = New leaves; 2 = Young leaves; 3 = Mature leaves; 4 = Old leaves; 5 = Dried leaves) 

Fig 5.2. Changes in the concentration of Phosphorus in the leaves of woody planes throughout the 

year. Plants grouped according to their acceptance to browsing ungulates.
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The new leaves of A, toctilis, D. rotundifolia and V. 

rehmannii were particularly rich in phosphorus, containing 450 - 

390 iag/100g dry weight (Table 5.2.)* As with nitrogen the 

phosphorus levels of 0, pulchra foliage were very high in the new 

foliage but decreased rapidly as the leaves hardened. Immature 

leaves of E. natalensis and P. africanum contained only half the 

concentration of pi .jsphorus found in the most mineral rich 

species.

A. tortilis, D. rotundlEolia, G. flavescens and R. leptodictya 

contained the highest levels of phosphorus in their mature leaves. 

The concentration of phosphorus in R. leptodictya leaves did not 

show any decline after the leaves had reached Cull size, so by the 

late dry season this plant contained higher levels of phosphorus 

than were present in other species. In contrast the decline in 

phosphorus levels in 6. africana and 0 . pulchra foliage was very 

marked. In the latn dry season these plants contained less than 30 

mg/100g of phosphorus. This is a 14 fold decrease in the 

phosphorus concentration of 0. pulchra leaves. Most other plants 

showed a 2-4 fold decrease in phosphorus levels through out the 

year.

The soft new stems of woody plants contained less phosphorus 

than was found in the leaves, but more than in the hardened stems. 

New stems of the Acacia species were comparatively rich irv 

phosphorus with 240tog/100g while those of T. sericea and the 

evergreen species contained half this amount. Once hardened the 

shoots of T. sericea contained only 58 n*a/100g dry weight o£
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iii. Potassium

Potassium is found in relatively high concentrations in woody 

plants, again the highest concentrations tending to be found in 

immature leaves. After reaching full size the plants showed only a 

slow rate of decline in potassium concentrations, if any (Fig 

5.3.).

The newly emergent leaves of D. rotundifolia and V. rehmannii 

were particularly rich in potassium (Table S.3.). Other potassium 

rich species were A. nilotica,A. torf.ills and Q, flavescens with 

approximately 1S00 rog/i00g. The new leaves of T. sericea and 8. 

africana contained only half this quantity. D. rotundifolia. V. 

rehmannii and G. flavescens continued to be rich in potassium once 

the leaves had matured, and contained at least 1200mg/100g of 

potassium. R. leptodictya was also rich in potassium. The two 

species containing the lowest potassium levels in their mature 

leaves were B. africana and 0. pulchra with only 500 mg/10S>g. In 

the late dry season the semi-evergreen foliage of R. leptodlctyi 

was richer in potassium than most other plant species. There was 

no rignificant difference in the potassium concentration of the 

evergreen leaves and the dead leaves of several deciduous species 

in the 2ate dry season.

Generally the woody plants contained more potassium in the 

leaves than in the stems, exceptions being the new stems o£ D.



Favoured 

Thorny Plants 

A = A. nilotica 

O = d . cinerea 

V  = A. tortilis

Favoured 

NQn-thorny 

A  = V. rehmannii 

O  * G. flavescens

Intermediate and 

Early Dry Season 

A = C. molle 

O = s. pungens 

V  = R. leptodictya

Non-preferred and 

Late Dry Season 

A  = E. natalensis 

O = T. sericea 

^  = P. africanura

Temporary 

Food Species 

A =  o. pulchra 

o = B. africana 

V = D .  rotundifolia

{1 - New leaves; 2 - Young leaves; 3 = Mature leaves; 4 = Old leaves; 5 = Dried leaves)

F*9 5*3. Changes in the concentration of Potassium the leaves of woody plants throughout the year, 

plants grouped according to their acceptance to browsing ungulates.
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rotundifoila and E. natalensis and the hardened stems of £. 

pulchra. in these oases a slightly higher concentration of 

potassium was £ound in the stems than in the leaves.

iv. Calcium

The caViom concentration in Lie leaves of most woody plants 

showed the revets* seasonal change to the other cations, 

increasing as the leaves aged (Fig 5.4.). G. flavescens, and D. 

rotundi£olia differed in that the calcium concentrations in the 

leaves were 4 'v high and remained fairly constant throughout

the year. leaves of these species, and A. tortllis, C.

molle and V. c<.. ..<ii were the richest in calcium with an excess 

of 400 mg/100g. The calcium concentration of mature A. toctilis 

leaves was very high at 1223 n?g/100g. Other calcium rich mature 

leaves were of G. flavescens and D. cinerea. 0. pulchra and B. 

afrlcana were very low in calcium both as immature and mature 

leaves, p. africanum was also initially low in calcium but the 

accumulation o£ calcium by this plant was rapid increasing four 

fold over the ye*r.

The stems, like the leaves, accumulated calcium as they 

hardened. Many species contained somewhat greater concentrations 

of calcium in the stems than the leaves. However the reverse 

pattern was shown by D. cinerea, G. flavescens and R. leptodictya. 

The stems of D. rotundifoila, C. molle and G. flavescens were the 

most rich in calcium.
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Favoured 

Thorny Plants 

A *  a . nilotica 

O  * d . cinerea

V “A. tortilis

Favoured 

Non-chorny 

A  = V. refrnannii 

O = G. flavescens

Intermediate and 

Early Dry Season 

A 55 C. roolle 

O  = s. pungens

V  * R. lepeodictya

Non-preturred and 

Late Dry season 

A *  E. natalensis 

O = T. sericea

V  = p. africanum

Temporary 

Food species 

A =  o. pulchra 

O = b . africana

V  = D. rotundifolia

Leaf penology

(1 = New leaves; 2 = Young leaves; 3 = Mature leaves; 4 = Old leaves; 5 = Dried leaves}

Fig 5.4. Changes in the concentration of Calcium in the leaves of woody plants throughout the year. 

Plants grouped according to their acceptance to browsing ungulates.



5-37b

.if-'' ’ i:: 111151;!
S I ' ' ■ I  S |  |  |  3 g |  = |  I

, «I -:IIIII!I!!i!:I
a " ® i 11 i a i 111 i 1111 i

i l l - ■*?■■■ ill III I I
“f i! 8 i|a Ii1311s i i

§ j I -1 i i 11 i 11! i 111 i
111S i i|i1111131 

11! -11? i i i 111111
 ̂111 § a 2 311 g

5 M i i m i i i i i

1 1 1 !* I U I I 1H U
" » s 11; 3 § 1 a 1 a s

I!?!
m i

; i I 
H i

. HI!
f m i

!!<; l ! i !
i n i l l !



5- 38

v. Magnesium

The magnesium concentration in the leaves remained fairly constant 

throughout the year (Fig 5,5.)* The richest plants were G. 

flavescens, V, rehroannii, D. rotundifolia and C. molle with 

350-400 mg/100g, while 0, pulchra and B. africana contained only 

160-100 mg/100g (Table 5.5.). In the dry season D. cinerea, R. 

leptodictya and P. africanum were also among the magnesium-rich 

species.

The species containing most magnesium in their leaves also had 

the highest levels of magnesium In their stems. For most species 

the concentration of magnesium in the leaves was greater than that 

in the stems, but the opposite pattern was evident for B. 

africana, D. rotundifolia and E. natalensis.

vi. Sodium

Very little sodijm was detected in woody plants. The concentration 

in the leaves was always below 10 rog/100g (Table 5.5.). Little 

difference was detected between pl?nt species or plant parts, but 

generally _A. tortilis and D. rotundifolia appeared to be slightly 

richer in sodium than a. africana and T. sericea (Fig 5.6.).

vii. Moisture

The moisture con’-^nt of the foliage of all woody species decreased
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Thorny plants 

A =  a . nilotica 

O  = D. cinerea 

7  = A. tortilis

Non-thorny 

A  = V. rehmannii 

O * G. flavescens

Early Dry Season 

A  = C. molle 

0 =  S. pangens 

V  = R. leptodictya

Late Dry Season 

A =  e . natalensis 

O * T. sericea 

P. africanum

Food Species 

a = o. pulchra 

O = 8. africana 

V  = D. rotundifolia

Lssf Phenology

{1 = New leaves; 2 = Young leaves; 3 = Mature leaves; 4 * Old leaves; 5 = Dried leaves)

Pig 5.6. Changes in the concentration of Sodium in the leaves of woody plants throughout the year. 

Plants grouped according to their acceptance to browsing ungulates.
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Thorny Plants 

A =  a . nilotica 

O  = D. cinerea 

7  = A. tortilis

Favoured 

Non-thorny 

A  = V. rehmannii 

O = G. flavescens

Intermediate and 

Early Dry Season 

A =  C. molle 

0 =  S. pungens 

V  = R. leptodictya

Non-preferred and 

Late Dry Season 

A =  e . natalensis 

O = ?. sericea 

V  = p. africanum

Temporary 

Food Species 

£.= 0 . pulchra 

O = B. africana 

V  * D. rotundifolia

Leaf Phenology

. (1 * New leaves? 2 = Young leaves; 3 = Mature leaves; 4 = Old leaves; 5 = Dried leaves)

Fig 5.7. Changes in the concentration of Water in the leaves of woody plants throughout the year. 

Plants grouped according to their acceptance to browsing ungulates.
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steadily as the leaves aged (Fig 5 7,}. The species with the 

highest moisture content in the leaves were V. rehtnannil, D. 

rotundifolia and R. leptodictya in the wet season with 64-68% 

moisture, while A. nilotica and E. natalensis contained only 

53-58% moisture (Table 5.7.). In the late dry season the same 

species continued to contain the most water but the dead leaves o£ 

E. natalensis, G. flavescens and B. africana contained less than a 

third oE their weight in water.

viii. Relationship between Nutrients

In woody plant foliage there was a strong positive correlation 

between phosphorus and nitrogen and between phosphorus and 

potassium (Table 5.8.). Correlations of these nutrients with 

calcium and sodium were weaker but still positive. Magnesium was 

relatively independent of other nutrients and was only correlated 

to potassium and calcium in the immature foliage. The mcisturei 

content of the foliage showed a weak positive correlation with 

potassium and magnesiun in the late wet season and with potassium 

and phosphorus in the dry season.

ix. Distribution of Nutrients.between plant Species

ft. tortllis, D. rotundifolia and G. flavescens were comparatively 

rich in all nutrients. Ttie three thorny or spiny species and now

0. pulchra leaves were notably rich in nitrogen. R. leptodictya 

foliage contained much phosphorus, potassium and magnesium while 

leaves of C. roolle and V. reftmannli were rich in calcium.



Table 5.8. Intercorrelal 

Hitrogen

potessiun

Magneslua

trient Concentrations in uoody Plant b

Calelun Hagnaslun

13

13 0.532 13

13 'J.807*** 13 0.8S9**

13 B.1B0 13 0.289

13 0.1)0 13 0.287

Bavss (CKtober to December)

Nitrogen phosphorus potassiun

0.239

0.300

Hsgnealun Sodiim

phosphorus

potassium

calciuo

Hagnesiua

Sodium

14 0.688**

14 -0.034 14 -0.232

14 0.329 14 -0.373 14

a Leaves (January to March)

Nitrogen phosphorus potasshm Caleiim Magnesium sodium

Rwephorus

potassium

Kŝ neslim

0.421 14 0.314 14 

0.265 14 0.591* 14 0.3
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ves (.April to June)

Nitrogen Phosphorus Potassium Magnesium Sodium

Magnestun S.226 14

9.T19*• 14 a.158 U

0.247 14 0.298 14 0.267 14

v. Dried UUV9S Uoly te Sepr'irtxr) 

Witrogan Piios['.. -us Potasslua Calcim Hagnesluo Sodiisn

Phosphorus

potassiun

Hsgneslun

9.383

0.511 14 0.264 14 8.842 0,496
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The matured leaves of B. africana and 0. pulchra were of low 

nutrient content, often containing less Shan half the mineral 

content of the most nutrient rich species. C. molle, T. sericea and 

P. afrlcanum were low in nitrogen, in addition P. afrlcanum and E. 

natalensis contained relatively little phosphorus.

The nutrient status of stems usually reflected that of the 

leaves, stems of E. natalensis and T. sericea were particularly 

poor in nutrients and R. leptodictya stems were comparatively 

mineral rich.

b. Forbs

i. Nitrogen

The nitrogen content of whole forbs was highest in immature plants 

and declined as the plants aged (Fig 5.8.). J. flava and the spiny 

forb S_. panduraeforme were particularly rich in nitrogen (Table 

5.9.). The preClowering plants contained 4% nitrogen (25% 

protein), decreasing to 3% and 2.1% respectively by the end of the 

year. The forb with the lowest nitrogen content was 0. herbacea 

having only 1.6 - 1.1% nitrogen (7-10% protein).

ii. phosphorus

Most forbs displayed a gradual d^ . their phosphorus

content as the plants aged (Fig 5.9.). Pit.: richest in



Favoured 

A  = T. forbesi i 

O = P. campestris 

, V  = j. flava

Intenoediate 

£, * I. mcca 

0 = E. alsinoides

Dry Season Reserve 

£> = H. grisea 

O  = w. indica

S. cordifolia

Non-preferred 

A  - 0 . herbacea 

O = s . panduraefonne

• Plant Phenology

(1 = Pre-flowering/ 2 = Flowering; 3 - post-flowering; 4 = Dried Plants)

Fig 5.8. Changes in the concentration of Nitrogen in whole forbs throughout the year. Plants 

grouped according to their acceptance to browsing ungulates.





Favoured 

A =  T. forbesii 

O  = p. campestris 

V  » J. flava

Intermediate 

A  - I. inacra 

O = E. alsinoides

Dry Season Reserve 

A =  H. grisesa 

O = W. indica 

V ®  S. cordifolia

Non-preferred 

A  = 0. herbacea 

O  = s. panduraefonne

Plant Phenology

(1 = Pre-flowering; 2 = Flowering; 3 = Post-flowering; 4 = Dried Plants)

Fig 5.9. . Changes in the concentration of Phosphorus in whole forbs throughout the year. Plants 

grouped according to their acceptance to browsing ungulates.
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phosphorus were S. pandurae Sonne and S_. cordifolia with 370-180 

mg/100g, while 0. herbacea contained only 150-60 OTg/200g of 

phosphorus (Table 5.10.).

iii. Potassium

The potassium concentration of many £orb species decreased as the 

plants aged (Fig 5.10.). P. campestris and J. flava were richest 

in potassium containing over 2680 mg/10dg (Table 5.11.). 

preflowering plants oE S. panduraeforme were also rich in 

potassium. 0 . herbacea contained less than a quarter of the 

potassium concentration of these three forb species.

iv. Calcium

The concentration of calcium in whole forbs remained fairly stable 

throughout the year (Fig S.11.}. J. flava was exceedingly rich in 

calcium with 2000-3000 mg/100g {Table 5.12.). The second richest 

plant, contained only half this amount o£ calcium. 0. herbacea and

H. grisea contained only 400-800mg/100g.

v. Magnesium

The magnesium content of the forbs remained fairly constant, 

although a slight decline was evident for T. Corbesii, 

p.campestris and J. £lava plants as they aged (Fig 5.12 }. By far 

the richest species was j. £lava with 870-720 mg/100g (Table

5.13.}, while the next richest species, P. campestris, contained
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A “ T. forbesii 

O = P. campestris 

V *  3 . flava

A =  I. ukicra 

O = E. alsinoides

A =  H. grisea 

O = W. indica 

V  = S. cordifolia

A  = 0. herbacea 

O ss s. panduraefonne

• I i

2 3 M l  2 3 2 3

Plant Phenology

(1 = pre-flowering,* 2 = Flowering; 3 = Post-flowering; 4 ** Dried Plants)

Fig 5.10. Changes in the concentration of Potassiifin in whole forbs throughout the year. Plants 

grouped according to their acceptance to browsing ungulates.





= T. forbesii 

= p. campestris 

* J. flava

A *  I. macra 

0 =  E. alsinoides

& =  H. grisea 

O = w. indica 

y =  S. cordifolia

A  = 0. herbacea 

O  = s. panduraefonne

Plant Phenology

(1 = Pre-flowering; 2 = Flowering? 3 = Post~f lowering; 4 * Dried plants)

Pig 5.11. Changes in the concentration of Calcium in whole forbs throughout the year, plants grouped 

according to their acceptance to browsing ungulates.
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650-430 mg/100g. Least magnesium was found in T. forbesii, E. 

alsinoides and I. macra plants with little over 200 mg/100g.

vi. Sodium

Sodium was scares in forbs and showed no seasonal change (Fig

5.13.). J. flava contained most sodium with 12 mg/lQiSg as opposed 

to 3 mg/10gg in T. forbesii. {Table 5.14.).

iiv. Moisture

Several forb species contained over 70% water In the wet season 

and none contained less *■ ,ian pt* water (Table 5.15.). Generally 

there was a decrease in the moisture content of forb plants as 

they aged, but the stemmy, perennial species had a slightly lower 

moisture content In the Immature phase than at maturity due to the 

fact that tlie new leaves grew on the previous years stems (Fig

5.14.). In the dry season most species contained around 459 

moisture but E. alsinoides and 0. herbacea plants dried up to 

contain only 26-32% water.

viii. Relationship between Nutrients

In forbs phosphorus was not correlated to the nitrogen content and 

was relatively Independent of other minerals (Table 5,16.). 

Nitrogen tended to be positively correlated to sodium. Strong 

positive correlations existed between magnesium with calcium and 

potassium. Moisture was also correlated to potassium and magnesium





Table 5.14. The Sodiisn Concentration ( mg /  1 J ) •

Evolvulus alsinoides 

Herroannia grisea 

Indigofera macra 

Justicia flava 

Oltienlandia herbacea 

pollichia campestris 

Sida cordifolia 

Solanun panduraefotrme 

Tephrosia Cocbesii 

Waltheria indica

Pre­

Flowering 

Oct to Dec

Mean SB r

5.0 + - 3

4.6 ± 0.4 1

5.3 ± 1.5 5

11.2 + - )

6.0 ± 3.5 2

3.7 + 0.3 :

5.8 + 1.8 ;

3.2 + 0.6 ( 

2.6 + 0.2 2

4.4 + 0.8 t

Flowering 

Plants 

Jan to Mar

Mean SE r

3.8 + 0.5 ‘

2 .2  + 2 .0  :

5.7 + 1.8 2

11.9 ± 2.6 2

3.9 + 1.6 2

4.9 + 0.2 2

4.0 + 0.4 1

4.5 ± 0.7 :

3.3 + 0.4 2

4.0 + 0.7 2

Post­

Flowering 

Apr to June

Mean SE n

3.6 ± - 1 

2.4 ± - 1

12.0 ± 0.3 2

3.6 ± 0.4 2

5.0 t 1.6 3

6.3 + - 1

3.4 + 0.5 4

3.3 t 1.7 2

3.8 + 0.7 3

Dried 

Plants 

July to Sept

Mean SE n

4.4 ± 1.3 2

5.7 ± - 1

3.3 + 0.5 2

6.3 ± 1.3

5.0 ± -







e 5.16. Intercorrelatlons Between the Nutrient Concentrations in Whole Forbs 

Te-flowering Plants (October to December)

Nitrogen Phosphorus potassium calciun Magnesium Sodium

phosphorus 8.568

Potassium 8.712*

Magneslun 0.611

Sodium 8.359 0.023 10 0.839** 10 0.585 10 

0.652* 18 0.275 10 0.708* 10 -I

li. Flowering plants [January to March)

Nitrogen phosphorus Potasslun

potassiim

calclun

0.826** 10 

0.711* 10 0.492

. Post-flowering plants (April tc 

Nitrogen Phosphoru.

Phosphorus 8.413 

Potassiin 0.745*

9 0.741*

9 0.967** 

9 8.765* 9 8.823** 9 0.725* 

9 8.145 9 8.586

d Plants (July to September) 

nitrogen Phosphorus ssiun Calclun Magnes

phosphorus 8.486

0.494 6 0.748* 8 0.119 

8.121 6 8.310 8 8.408 0.603 8 0.347
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in the growing season.

ix. Distribution of Nutrients between Forb Species

J. £lava contained far higher concentrations of all nutrients 

except phosphorus than most other species. S. panduraeforme was 

also rich in nutrients, especially nitrogen, phosphorus and 

calcium. P. campestris was rich in potassium and magnesium, while 

S. cordifolia was rich in potassium and phosphorus.

The forb containing the least nutrients was 0. herbacea. H. 

grisea was low in calcium and T. forbesii contained relatively 

little magnesium and sodium.

c. A Comparison of Nutrient Concentrations in Woody plant Leaves 

and Whole Forbs

Woody plants showed a rather more clear cut seasonal change in 

the quantities of nitrogen, phosphorus, potassium and calcium in 

the foliage than was observed for forbs. Forbs did not appear to 

accumulate calcium in their tissues as the plants aged, even 

though this was noticeable for woody plants.

The two forb species J. flava and S. panduraefonne had higher 

nutrient levels in their tissues than were found in any woody 

plants. On average forbs tended to contain higher levels of 

potassium and magnesium than woody plants, but levels of nitrogen, 

phosphorus, calcium and sodium were not significantly different
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between the leaves of woody plants and whole forbs including stem 

tissue {Table 5.17.}. Thus forbs leaves are on average probably 

more nutrient rich than woody plant leaves. The variation between 

individual plant species however is greater than that between 

growth forms.

The ratio of minerals was similar in woody plants and forbs 

for all minerals except for potassium which made up a greater 

proportion of the mineral content of forbs. In all plants 

potassium was the most common mineral and sodium was scarce.

2. Fibre

a. Woody Plants

i. Neutral Detergent Fibre (NDF)

The neutral detergent fibre content of the foliage of woody plants 

was lowest in the new leaves then increased once the leaves had 

attained full size (Fig 5.15.).

The most fibrous mature leaves were those of 0. pulchra. 

Almost half the dry weight of these leaves was dee to fibre. 

Leaves of S_. purtgens and T. sericea also contained over 40% fibre. 

The Acacia species and the two aromatic species, R. leptodictya 

and v. rehmannii had the least fibrous leaves (Table 5.18.).
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Aa= a . nilotica 

O = D. ctnerea 

V  = A. tortilis

Favoured 

Non-thorny 

A = V .  rehmannii 

O = G. flavescens

Intermediate and 

Early Dry Season 

A = C. molle 

0 =  S. pungens 

V  = R. leptodictya

Non-preferred and 

Late Dry Season 

A =  E. natalensis 

O = T. sericea 

V  = p. africanun

Temporary 

Food Species 

A =  0. pulchra 

O = B, africana 

V  ■ D. rotundifolia

Leaf Phenology

(1 = New leaves? 2 = Young leaves; 3 = Mature leaves; 4 = Old leaves; 5 = Dried leaves) 

Fig 5.15. Changes in the concentration of Neutral Detergent Fibre in the leaves of woody plants 

throughout the year, plants grouped according to their acceptance to browsing ungulates.
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The leaves of most species were significantly less fibrous 

than the stem tissue. The least fibrous new, soft stems were those 

of D. rotundlfolia and R. leptodictya. These were no more fibrous 

than the leaves with only 28-36% fibre. Even after hardening the 

stems of these two species were the least fibrous. D.- cinerea, C. 

molle and 0. pulchra stems always contained over 50% fibre, but 

the tough mature leaves of 0. pulchra were no less fibrous than 

the starts.

The foliage of p. africanum could not be analysed for fibre as 

it formed a thick mucilaginous slime with the neutral solution, so 

stopping the extraction process.

ii. Neutral Detergent Fibre minus Acid Detergent Fibre (NDF - ADF)

Using the detergent fibre method of analysis the difference 

between the NDF and ADF fractions is a rough measure of the 

hemicellulose content. Taking into consideration that up to a 

quarter of the hemicellulose may be lost in this procedure, 

hemicellulose is still a minor constituent of the total fibre 

content of woody plants.

The NDF - ADF content of woody plant leaves appeared to reach 

a peak in the young or mature leaves then decrease as the leaves 

began to senesce (Fig 5.16.). This change however was not 

significant due to the wide range of NDF - ADF values recorded 

within individual species. The leaves of D. rotundlfolia and G.
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flavescens were richest in this fraction which constituted less 

than 10% of the dry weight {Table 5.19.)- The leaves of V. 

rehmanni1 and Acacia species contained only 3% NDF - ADF.

Stans were generally richer in this fraction than leaves, 

except for D. rotundifolia, G. flavascens and R. leptodictya in 

which the pattern was reversed.

iii. Acid Detergent Fibre minus Acid Detergent Lignin (ADF - ADL)

Acid Detergent Fibre consists mainly of two fractions, cellulose 

and Hgnin. Due to their differing digestiDilities these fractions 

have been considered separately.

The ADF - ADL approximates to the cellulose content of plants. 

The ADF - ADL concentration increased in the leaves of A. 

nilotica, D. cinerea, G. flavescens and the evergreen species as 

they aged. For B. africana and 0. pulchra the main increase in 

this fibre component came once the leaves achieved full size. The 

remaining species showed little change in the ADF - ADL contents 

of the leaves throughout the season {Fig 5.17.). Leaves of 0. 

pulchra and P. aEricanum contained over 25% ADF - ADL. B. africana 

and B. natalensis were also rich in this fibre (Table 5.20). A. 

nilotica, C. molle and R. leptodictya contained less than 15% of 

ADF - ADL.

Within species the A W  - ADL content of leaves and stems was 

similar. The soft stems of 8. africana and G. flavescens were rich
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in this fibre while those of C. roolle and S.. pungens contained 

only 8%. The hardened stems of T. sericea, 0. pulchra and_P_. 

africanuRi contained the most ADF - ADL and E. natalensis and V. 

rehmannii shoots contained the least.

iv. Acid Detergent Liqnin minus Acid Detergent Ash {ADL - Ash)

The ADL content of the leaves was fairly constant through out the 

year (Fig 5.18.). Leaves of 0. pulchra, p. africanum and T. 

sericea contained in excess of 20% ADL, while the leaves of R. 

leptodictya and the Acacia species contained only half this 

quantity (Table 5.21.).

Unlike the leaves, the stems did become increasingly lignified 

at maturity. Generally stems contained more ADL than the leaves, 

except in the case of 0. pulchra, T. sericea and the two evergreen 

species, where both leaves and stems contained similar amounts of 

ADL on a dry weight basis. The stems of D. rotundlfolia and R. 

leptodictya were relatively low in ADL as were the leaves. The 

sterna of D. cinerea, G_. flavescens and C, molle were the most 

lignified.

v. Relationship between Fibre Constituents

Neutral detergent fibre was most closely correlated to ADL in all 

but the dried loaves. The converse pattern was true of ADF - ADL 

which only correlated with NDF in the dry season (Table 5.22.). 

ADL and ADF - ADL concentrations correlated only in inroature
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foliage. Concentrations of NDF - ADF were fairly independant of 

the other fibre fractions. All forms of £<vre accumulated in the 

stems as the plants aged/ but for the leaves the major 

accumulation of fibre was when they achieved full size, there 

after little or no increase in fibre concentration was evident for 

many of the species.

The main difference in the fibre contents of leaves and stems 

was in the greater proportion of NDF and ADL in stem tissue, 

Average concentrations of the other fibre components did not 

differ significantly between leaves and stems (Table 5.23.). Since 

ADL is but a component of NDF it seems that it is ADL which is the 

greatest distinguishing component between leaf and stem tissue.

vi. Distribution of Fibre Components between Plant Species

The ADF fraction accounted for most of the fibre in vroody plant 

foliage, with NDF - ADF making up only a small proportion of the 

total fibre content. The most fibrous leaves were those of 0. 

pulchra, T. sericea, S. pungens and P. africanum. Acacia leaves 

contained least fibre, but the thorny stems were fairly fibrous.

The species with the most fibrous stems were 0. pulchra, G_. 

flavescens, C. molle and D. cinerea. The stems of o. pulchra were 

comprised mainly of ADF - ADL while those of D. cinerea were 

comparatively rich in ADL. D. rotundifolia and R. leptodlctya 

staiis were low in all forms of fibre.



e 5.22, intercorrelations Between the Fibre 0

iF - AW ADF - ADL

if-ADI? 0.074

13 -0.S94* 13

13 -0.033 13 0.552' 14

11. Young Leaves {Ostaber to Deceober)

TOP - AW ADF - AI

NW - ADF 8.370 13

AW - AW* 0.33? 13 0.093 13

ADL 0.394 13 -B.B92 23

ill. nature Leaves (January to Karen)

- ADf ADF -

NW-AW 0.706** 13

ADF - ADI 0.014 11 -0.303 13

AX 0.778** 13 0.272 13 0.001 14

iv. old Leaves {April to June)

NDF - AD? 0.400 13

ADF - ADI 0.655* 13 -0.057

v. Dried Leaves (July to September)

HDF NDF - ADF ADF - ADL

NW - AW -B.161 13

AOF-AH. 8.7 24«* 13 -0.162 13

AD L 0.273 13 -0.295 13 0.185 14

/ Significance Uvexs : * P < 6.05; ** P < M l; *»* P < 0.001 >
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i. Neutral Detergent Fibre (NDF)

Whole Sorbs became increasingly fibrous as the seasons progressed 

(Pig 5.19.) • Many forbs contained In excess of 40% NDF (Table

5.24.). The most fibrous species, P, campestris, 0. heebacea,

I. macra and T. forbesii,contained between 40% and 60% fibre. The 

least fibrous plant J_. flava has fairly soft green stems and 

contained only half this amount of fibre.

ii. Neutral Detergent Fibre minus Acid Detergent Fibre (NDF - ADF)

This fraction was a minor component of the total fibre content of 

most forb species and showed little seasonal change in 

concentration within the plants (Fig 5.20.). S. cordifolia and P. 

campestris contained 14% of NDF - ADF whUle for J. flava and W. 

indica this fraction comprised less than 4% of the dry mass of the 

planes. Most other forb species contained between 6 amd 8% of NDF

- ADF (Table 5.23.).

iii. Acid Detergent Fibre minus Acid Detergent Lignin (ADF - ADL)

Concentrations of ADF - ADL showed only a slight seasonal increase 

for most forb species and none at all for J. flava and I. macra 

(Pig 5.21.). P. campestris, W. indica and T. forbesii were 

comparatively rich in ADF - ADL, but for J. flava, S. cordifolla 

and E. alslnoides this fraction accounted for only 10% of the dry

b. Forbs
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Whole forbs became increasingly fibrous as the seasons progressed 

(Fig 5.19.). Many £orbs contained in excess of 40% NDF (Table

5.24.;. The most fibrous species, P. campestrts, o. herbacea,

I. macra and T. Eorbesil.contained between 40% and 60% fibre. The 

least fibrous plant _j_. flava has fairly soft green stems and 

contained only half this amount of fibre.

ii. Neutral Detergent Fibre minus Acid Detergent Fibre (NDF - ADF)

This fraction was a minor component of the total fibre content of 

most forb species and showed little seasonal change in 

concentration within the plants (Fig 5.20.). S. cordlfolia and P_. 

campestrls contained 14% of NDF - ADF while for J. flava and W. 

indlca this fraction comprised less than 4% of the dry mass of the 

plants. Most other uorb species contained between 6 amd 8% of NDF

- ADF (Table 5.25.).

iii. Acid Detergent Fibre minus Acid Detergent Lignin (ADF - ADL)

Concentrations of ADF - ADL showed only a slight seasonal increase 

for most forb species and none at all for J. flava and I. macra 

(Fig 5.21.). P. campestrls, W. indlca and T. forbesli were 

comparatively rich in ADF - ADL, but for J. Elava, s. cordifolla 

and E. alslnoides this fraction accounted for only 10% of the dry

b. Forbs





Evolvulus alsinoides 

Hamannia grisea 

Indigofera raacra 

Justicia flava 

Oldenlandia herbacea 

Pollichia campestris 

Sida cordifolia 

Solanun panduraeforme 

Tephrosia forbesii 

Waltheria indica

Pre­

Flowering 

. Oct to Dec

Mean SS r

46.6 + 2.3 < 

40.9 + 4.0 2

24.1 + - 3

44.1 + 2.8 «

51.7 + 3.9 J

34.2 + 1.7 <

41.2 + - ] 

31.0 ± 1.2 <

Flowering 

Plants 

Jan to Mar

Mean SE r

41.1 + 2.0 i.

46.0 + 2.3 :

50.9 + 3.1 •

31.9 + 2.6 t.

52.5 ± 0.8 2

53.7 + 1.2 <

36.9 ± 3 .3  A

45.5 + 4.4 i

49.8 t 2.2 : 

37.7 + 3.1 •

Post­

Flowering 

Apr to June

Mean SB n

51.8 + 0.9 2

55.8 ± 3.9 4

57.1 + - 1

31.8 + 3.4 2

49.4 ± 8.3 3

52.4 + - 1

47.0 ± - 1 

45.6 + - 1

57.2 + 0.7 2

41.1 + 2.0 2

Dried 

Plants 

July to Sept

Mean SE n

51.1 ± - 1

44.6 ± - 1 

58.5 + 2.6 2 

35.1+ - 1

60.7 + - 1 

50.4 + 3.2 2

51.7 + 5.5 2

*
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iv. Acid Detergent Lignin minus Acid Detergent Ash (ADL - Ash)

The concentration of ADL showed a seasonal increase in 

concentration for all forb species (Fig 5.22.). Both 0. herbacea 

and H. grisea were relatively highly lignified containing over 23% 

ADL (Table 5.27.}. Most other forbs contained in excess of 15% ADL 

once they were matured. J. flava contained the least ADL of all 

the plants analysed, containing only 8% of this fraction.

v. Relationship between Fibre Constituents

Neutral detergent fibre was significantly correlated to both the 

ADL and the NDF - ADF fractions at all times, but only to ADF - 

ADL in dried plants (Table 5.28.). The three sub-fractions of NDF 

showed no significant intercorrelations.

vi. Distribution of Fibre Components between Forb species

J. flava contained very little fibre of any type. o. herbacea and 

H. grisea were the most lignified of the forb species analysed and 

S_. gjnduraeforme ?nd T. forbesii were rich in ADF - ADL. 

Concentrations of NDF and and its component ADL showed an 

accumulation as the tissues aged, but concentrations of ADF - ADL 

and NDF - ADF remained fairly constant.

mass of the plants (Table 5.26.).







i Significance Levels : * P < 0.05; ** p < a.ei, '** P < P.BM )
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o, A Comparison between Fibre Contents of Woody Plant Leaves and 

Whole Forbs

On average, forbs contained a slightly higher proportion of all 

fibre fractions than did woody plant leaves, due to the inclusion 

of stem tissue o£ the forbs. the differences however were only 

significant for ADL, (Table 5.29.). This is partly because ADL is a 

major component of stem tissue in both woody plants and forbs but 

also the ratio of ADL to ADF - ADL of forbs was higher at 1.8 than 

in either woody plant leaves (0.9) or stems (1.3).

3. The Relationship between Nutrient and Fibre contents of Plants

a. Woody Plants

As the leaves and steins of woody plants aged the amount of fibre 

increased and hence the relative quantity of cell sap containing 

most of tiie nutrients decreased. Only concentrations of calcium, 

which is partly associated with the cell walls, increased as the 

foliage matured.

The nitrogen concentration in the leaves was neqatively 

correlated to ADL contents in all but the dried leaves (Table 

5.30.). The relationship between the other nutrients and fibre 

components other than NDF - ADF were generally negative but failed 

to reach significance at the 95% confidence limits. The 

correlations between NDF - ADF and nutrients were often around



Table 5.29. Comparison between the Fibre Concentrations ( % Dry Weight ) i,. Mature Leaves 

of Woody Plants and in Whole Foebs

Nutrient Woody Plant Leaves Whole Forbs

ifean SB Max Min Mean SB Max Min n t

NDF ± 2.0 46.8 - 26.9 44.6 ± 2.3 53.7 - 31.9 22 2.003

NDF - ADF 4.7 + 1.1 10.7 - 0.6 7.2 + 1.0 13.9 - 2.1 21 2.000

ADF - ADL 15.7 ± 1.1 23.8 - 8.1 10.4 ± 1.1 13.9 - 5.6 24 3.421

ADL 14.1 t 1.4 25.3 - 5.8 19.1 ± 1.6 25.5 - 7.5 24 2.357*

{ * Significantly Different : P < 0.05 )



5-51b

Table 5.38 Inter n Che Nutrient and Fibre Concentri

Nitrogen

Phosphorus

Potassium

. Young Leaves (October to Decsitwr)

Nitrogen

piiospiwrus

Potassiurc

Calclua

Kognesiun

. Mature Leaves (January Co rtarch)

Nitrogen

Phosphorus

potasslua

Caleiun

Magnesium



Me  5.38- Continued. . .

iv. Old Leaves (April to June)

Nitrogen

phosphorus

Potassiun

Magnesium

iv. Dried leaves (July to September)

Nitrogen

phosphorus

potassiua

Caleiw

Mognesium

Sodlis

( Signlticanec Levels : * P < e.85> *

I
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zero or slightly positive rather than negative as for the other 

fibre fractions.

The armed species tended to De of high nitrogen and low fibre 

content (Fig 5.23.). The ratio between the NDF and crude protein 

content of the leaves of the Acacia species was between 1 and 2.5 

while leaves of the third armed species D, cinerea and of G, 

flavescens and R. leptodictya also had a low fibre to protein 

ratio.

Leaves o£ o. pulchra initially had a low proportion of fibr*» 

but by the late dry season the leaves contained eight times as 

much NDF as protein. Many species contained four times as much 

fibre as protein by the 1ate dry season.

b. Forbs

As with woody plants the build up of cell wall components in forbs 

gradually diluted the quantity of cell sap and hence most 

nutrients in the tissues. The nitrogen concentration in forbs was 

significantly negatively correlated to the NDF and ADL contents in 

the pre-flowering and post-flowering phase forbs but fell to just 

below the S»5& confidence limits in the flowering phase plants 

(Table 5.31.). The relationship between nitrogen and NDF - ADF or 

ADP - adl contents of forbs was negative but not significant. The 

relationship between all the minerals, except phosphorus, with ADL 

was negative and reached significance In the flowering phase. 

Cocrel-'Mons between minerals and NDF were similar to those with
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ADL. Again The NDF - ADF and ADF - ADL contents of forbs were not 

significantly correlated to the mineral contents but the 

relationship tended to be negative.

The ratio of NDF to crude protein was very low in J. flava 

ranging from 1-2. S_. panduraeforme was also relatively rich in 

protein and low in fibre. In contrast 0. herbacea contained five 

times as much fibre as protein before flowering and as for other 

forbs fibre accumulated as the season progressed.

The fibre to protein ratio of S. cordifolia plants was higher 

for imnature plants than in the reproductive phases. This was 

because the new leaves sprouted on a thick fibrous perennial stem.

4. plant Secondary Compounds

a, Wsody Plants

i. Enzyme-inhibiting Polyphenols

The enzyme-inhibiting polyphenol content of woody plant leaves was 

generally highest in the mature tissues (Fig 5.24). Immature 

leaves showed slightly lower polyphenol levels than mature leaves 

for all species except the three evergreen species and V. 

reftmannii. A lowering of polyphenol levels in senescent leaves was 

evident for all species except T.sericea.





Table 5.32. Concentrations of Ibtal polyphenols {% Dry Weight) in 

Composite Samples of Leaves of Woody plant Species. Assayed by the 

Jerumanis Method.

Acacia nilotica 

Acacia tortilis 

Burkea africana 

Corrsbretuih molle 

Dichrostachys cinerea 

Dombeya rotundifolla 

Buclea natalensis 

Grewia flavescens 

Ochna pulchra 

peltophorum africanum 

Rhus leptodictya 

Strychnos pungens 

Terminalia sericea 

Vitex rehmannii

New Young Mature 

leaves leaves leaves

- 13.4 28.1

- 7.5

- 7.8

- 18.0

- 8.5

- 4.8

7.4

0.5

2.4 

19.9

9.4

7.1

8.5 

10.4 

17.6 

15.8

6.5

6.4

15.6

3.5

16.3

6.4

1.0

Old

leaves

30.6

8.7 

11.8

18.4

13.5

4.2 

8.0

4.7 

10.9

19.1

6.3

3.8

Dead

leaves
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Concentrations of enzyme-inhibiting polyphenols in the leaves 

of woody plants ranged from less; than 1% to 30% dry weight (Table 

5.32.). A. nilotlca was particularly rich In polyphenols which 

constituted about 30% of the dry weight of mature leaves. T. 

sericea contained 15-25% polyphenols and c. molle and P. africanum 

15-20%. The majority of other plants contained around 10% 

polyphenols. G, flavescens, V. rehmannii and D. rotundlfolia 

contained the least polyphenols and concentrations in imoature G. 

Elavescens leaves were negligible. The levels of polyphenols in E. 

natalensis varied greatly between samples. This may be due to 

chemical polymorphism within the population or to some 

interference with the analysis as all samples were composite 

samples taken from several plants. No confidence limits are 

available on these data but all samples are composite sanples of 

about 10 individuals of each species.

li, Condensed tannins

The condensed tannin (proanthocyanidin) content of mature woody 

plant leaves ranged from 0% to 12.5% dry weight relative to a 

Sorghum ill tannin standard (Table 5.33.). Condensed tannins were 

absent from A. nllotica, S. pungens and V. rehmannii foliage. 0. 

pulchra and T. sericea contained over 10% condensed tannins and D. 

rotundifolia, E. natalensis and B. afrlcana contained more than 5% 

condensed tannins.
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Table 5.33. Concentrations of Condensed Tannins (% Dry Weight) in 

the Mature of Leaves of Woody plant Species. Assayed by the 

Bate-Smith Proanthocyanidin Method.

Species

Acacia nilotica 

Acacia tortilis 

Burkea africana 

Combretum molle 

Dichrostachys cinerea 

Dombeya rotundifolia 

Euclea natalensis 

Grewia flavescens 

Ochna pulchra 

Peltophorum africanum 

Rhus leptodictya 

Strychnos pungens 

Terminalia sericea 

Vitex rehmannii

Mature leaves

Mean SE n

0.0 + 0.0 8

3.0 + 0.2 8

5.8 + 0.9 €

1.0 + 0.1 8

3.5 + 0.2 8

8.8 + 0.8 10

8.3 + 0.7 10 

3.0 ± 0.3 8

11.0 + 0.5 11

2.8 + 0.2  8

1.5 + 0.1 11

0.0 + 0.0 7

12.3 + 0.6 10

0.0 + 0.0 9

(n - Number of replicates of the sane sample)
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iii. Alkaloids

Alkaloids were relatively scarce in woody plant leaves (Table

5.34.). S. pungens and V. rehmannii were the only woody plants 

giving a consistent reaction with Mayer's reagent indicating the 

presence o£ alkaloids.Tfie immature leaves of D. rotundifolia 

and ?. sericea and mature green leaves of D. cinerea, 0. pulchra 

and P. afrlcanum also showed weak, positive responses to Mayers 

and Dragendorffs reagents.

iv. Cyanogenic Glycosides

Cyanogenic glycosides were absent from the woody plant foliage 

tested.

v. Saponins

Newly emerged woody plant leaves contained little saponin (Table

5.35.). TLC on extract of mature leaves indicated that several 

plants contained saponins, but this technique also identifies some 

terpenes. TLC tests were confirmed by the foam test specific to 

saponins. Alcoholic extracts of B. africana, T. sericea and P. 

africanum foamed vigorously when shaken with water. 0. pulchra and 

C. roolle produced less foam and E. natalensis, D. rotundifolia, D. 

cinerea and A. tortills only p<- • dn film o£ foam. No 

saponins were detected in G. £j.u - S. pungens leaves at 

any time.



Table 5.34. The Presence of Alkaloids in the Leaves of Woody 

Plants. Detected by the Formation of a precipitate with Meyers 

Reagent

f-pecies New Young Mature Old Dead

leaves leaves leaves leaves leave;

Acacia nilotica 0 0 0 0 0

Acacia tortilis 0 0 0 0 0

Burkea africana 0 0 0 0 0

Cocnbretum molle 0 0 0 0 0

Dichrostachys cinerea 0 0 + + 0

Dombeya rotundifolia ++ 0 0 0 . 0

Euclea natalensis 0 0 {+) 0 0

Grewia flavescens 0 0 0 (+) 0

Ochna pulchra 0 0 + 0 0

peltophonan africanum 0 + + (+) 0

Rhus leptodictya 0 0 0 0 0

Strychnos pungens 0 (+) ++ + ++

Terminalia sericea ++ + (+) 0 0

Vitex rehmannii + c - -H- +

+++ = '.'trong precipitation 

++ = precipitation 

+ * slight precipitation 

(+) = clouding 

0 = no reaction
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Table 5.35. The Presence of Saponins in the Leaves of Woody 

plants. Assayed by Thin Layer Chromatography and the Forn Test.

New young Mature Old Dead 

leaves lvs leaves lvs lvs 

TLC Foam TLC TLC Foam TLC TLC

Acacia nilotica 

Acacia tortilis 

Backea africana 

Combretum molle 

Dichrostachys cinerea 

Dombeya rotundifolia 

Euclea natalensis 

Grewia flavescens 

Ochna pulchra 

peltophorum africanum 

Rhus leptodictya 

Strychnos punc-v 

Tenninalia seric-̂ a 

Vitex rehmannii

TLC + = present

0 = absent

Foaming +++ = 1 to 2 cm of p""-/.tant foam 

++ » 0.5 to 1 cm of persistant foam 

+ = slight but persistant foaming 

B = no foaming
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Table 5.36. Concentrations of Ether-extractable Materials {% Dry 

Weight) in Composite Samples of Leaves of Woody Plant Species.

Species New Young Mature old Dried Fallen

leaves leaves leaver leaves leaves leaves

Acacia nilotica 0.7 0.7 2.7 3.7 2.6 3.5

Acacia toftilis 3.2 - 1.6 2.7 2.7 3.5

Burkea africana 0.6 1.8 1.3 - 1.5 1.3

Combretum molle 1.9 1.9 3.4 5.6 2.6 2.6

Dichcostac>/s cinerea 0.5 0.4 1.5 2.6 3.1 2.0

Dombeya rotundifolia 1.0 0.4 1.3 2.4 - 1.3

Euclea natalensis 1.9 2.0 3.4 5.3 7.8 3.9

Grewia flavescens 1.3 0.2 1.3 3.4 3.6 0.7

Ochna pulchra 0.7 0.9 1.0 2.0 1.3 0.8

Peltophorum africanun 1.0 3.3 1.0 1.0 1.2 1.8

Rhus leptodictya 2.6 1.3 3.7 0.8 2.3 2.6

Strycbnos pungens _ - 3.0 2.3 4.0 5.2

Tecminalta seelcea 1.0 0.4 1.7 2.0 2.5 2.6

Vitex rehmannii 9.9 2.7 3.5 4.6 3.4 5.2
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vi. Monoterpenes and Sesquiterpene Lactones

These "essential oils" were present in the leaves of all woody 

plants tested, and in all seasons. The most aromatic species were 

V. rehmannii and R. leptodictya. Monoterpenes are 

characteristically pungent or aromatic.

vii. Ether-extractable Compounds

The woody plant leaves ,-ested generally contained between 1% 

and 6% ether-extractable materials (Table 5.36.). The highly 

ar-imattc, sticky, new foliage of V. rehmannii was the exception 

with 10% ether-extract. This species, C. roolle, and the evergreens 

E. natalensis and S. punqens were richest in ether-extract. The 

concentration of ether-extractable compounds tended to increase as 

the leaves aged, this being particularly noticeable for E. 

natalensis, G, flavescens and the armed species (Fig 5.25.). B. 

afrlcana. D. rotundifolia, 0. pulchra and T. sericea contained 

least ether-extract containing less than 2% at all times and 

showed no seasonal increase in concentration.

b) Forbs

i. Enzyme-inhibiting polyphenols

The concentrations of polyphenols in forbs were very low (Table

5.36.). The highest levels were found in mature W. indica plants
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Table 5.37. Concentrations of Total polyphenols (% dry Weight) in 

Composite Samples of Whole Forhs. Assayed by the Jeruwanis Method.

Species

Evolvulus alsinoides 

Hennanma grisea 

Indigofera raacra 

Justicia flava 

Oldenlandia herbacea 

Pollichia campestris 

Sida cordifolia 

Solanum panduraefonne 

Tephrosia forbesii 

Waltheria indica

Pre- Flowering Post- Dried 

Flowering plants Flowering Plants 

Oct - Dec Jan - Mar Apr - Jun Jul - Sept

1.7 1.6 2.2
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which contained up to 7.5% polyphenol. All the other forbs 

contained from 0 - 2.5% polyphenol, considerably less than in any 

of the woody plant species. T. forbesii and S. pandurasEome 

contained less than 1% polyphenol at all times. The dried foliage 

oE many Eorbs, including W. indica, contained virtually no 

polyphenols {Fig 5.26.)

iit Alkaloids

Alkaloids were present in all but one species of forb tested 

(Table 5.38.). J. Elava was rich in alkaloids and S. panduraeforme 

and T. Eorbesii also gave strong reactions with Mayers and 

DragendorEf's reagents. Most forbs formed a . !-.e precipitate 

with Mayers reagent but Eor I. macra the ■ as weak. No

alkaloids were detected in W. indica.

Hi. Cyanoganic glycosides

Cyanogenic glycosides were only detected in small quantities in 

flowering and pre-flowering plants of J. flava.

iv. Saponins

Saponins were most common in mature forb plants. They were 

detected in the pre-flowering foliage oE H. grisea, S. cordiEolia 

and s. panduraeforme. (Table 5.39.). The mature plants o£ all Eorb 

species contained saponins, as detected by TLC but the post 

flowering plants of J. Elava, P. campestris and S. panduraeEorme
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Table 5.38. The presence of Alkaloids in whole Forbs. Detected 

by the Formation of a precipitate with Meyers Reagent

Species

Evolvulus alsinoides 

Hermannia grisea 

Indigofera macra 

Justicia flava 

Qldenlandia herbacea 

pollichia campestris 

Sida cordifolia 

Solanum panduraeforme 

Tephrosia forbesii 

Waltheria indica

Pre- Flowering post- Dried 

Flowering plants Flowering plants 

Oct - Dec Jan - Mar Apr - Jun Jul - Sept

Meyers reagent +++ = strong precipitation

. ++ * precipitation

+ = slight precipitation 

(+) = clouding 

0 =no reaction
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Table 5.39. The presence of Saponins in Whole Forbs. Detected 

by Thin Layer Chromatography

Species

Evolvulus alsinoides 

Hermannia grisea 

Indigofera macra 

Justicia flava 

Oldenlandia herbacea 

Pollichia campestris 

Sida cordifolia 

Solan am panduraefonne 

Tephrosia forbesii 

Waltheria indica

Pre- Flowering Post- Dried 

Flowering plants Flowering Plants 

Oct - Dec Jan - Mar Apr - Jun Jul - Sept

+ = present 

0 = absent



5-58

contained no saponins. S. cordifolia was only free of saponins in 

the late dry season.

v. Mono- and Sesquiterpene Lactones

These lower terpenoids were detected in all the forbs at all 

growth stages. T. forbesii gave a particularly strong reaction 

with the test reagents but was not aromatic,

vi. Ether-extractable Compounds

Forbs contained between 1% and 5% ether-extractable materials. T. 

forbesii, H. qrisea and the older foliage of S. panduraeEorme were 

richest in ether-extract while least was found in E. alslnoides. 

J. flava and S. cordifolia (Table 5.40.). Concentrations of 

ether-extractable compounds showed little seasonal change appart 

from being very slightly higher in tlie post-flowering phases of 

the perennial species (Fig 5.27.).
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A  = T. forbesii 

O = P. campestris 

V *  J. flava

A«* I. inacra 

O * E. alsinoides

A =  H. grisea 

O a w. Indica 

v =  S. cordifolia

A =  0. herbacea 

o = s. panduraefonne

• Plant Phenology

(1 = pre-flowering} 2 = Flowering? 3 = Post-flowering; 4 = Dried Plants)

Fig S.27. Changes in the concentration of Ether-esctractable materials in whole forbs throughout the 

year, plants grouped according to their acceptance to browsing ungulates.



Table 5.40. Concentrations of Ether-extractable Materials (% Dry 

Weight) in Composite samples of Whole Forts.

Species

Evolvulus alsinoides 

Hermannia grisea 

Indigofera macra 

Justicia flava 

Oldenlartdia herbacea 

pollichia campestris 

Sida cordifolia 

Solanum panduraefcrme 

Tephrosia forbesii 

Waltheria indica

pre- Flowering Post- Dried 

Flowering Plants Flowering plants 

Oct - Dec Jan - ?lar Apr - Jun Jul - Sept

1.0 1.1 1.1

2.4

2.4



Table 5.40. Concentrations of Ether-extractable Materials {% Dry 

Weight) in Composite Samples of Whole Forbs.

Species

Evolvulus alsinoides 

Hermannia grisea 

tndigofera macra 

Justicia flava 

Oldenlandia herbacea 

Pollichia campestris 

Sida cordifolia 

Solanum pandura! forae 

Tephrosia forbesii 

Waltheria indica

pre- Flowering 

Flowering Plants 

Oct - Dec Jan - Mar

3.2 2.6

-  2 .2

1.4 0.9

-  1 .8  

1.1 1 .2

0.7 0.8

- 2.4

- 5.0

1.8 1.5

Post- Dried

Flowering Plants

Apr - ilun jul - Sept

1.1 1.1

3.7 2.4

- 2.4

1 .6 0.8

1.8 -

1.8 1.6

2.1 1.2

2.6 4.S

2.5 2.5

2.3 3.1
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5.4. DISCUSSION 

1. Nutrients and Fibre

a. Nutrient Concentrations Recorded in Selected Browse Species

i. Species Occurring n'c Nylsvley

The nutrient contents of several of the more common browse plants 

in Africa have been analysed prior to this study. Comparison 

between studies is hindered by a lack of standardisation of 

techniques of analysis and failure to report exactly which plant 

parts have been analysed and what their phenological state was at 

that time.

However, the crude protein values of common browse plants at 

Nylsvley was generally similar to the values reported by Rushworth 

(1975), Bate (1979), Le Houerou (1980) and Novellie (1983/, but 

somewhat higher than those obtained by Dougall et. al. (1964) 

Bonana (1976) and jachman fi Bell (unpublished).

phosphorus contents were similar to those of Le Houerou (1980) 

and Novellie (1983), but higher than those of Dougall et. al. 

(1964) and Rushworth (1975).

Values for the potassium and magnesium contents of woody 

plants were similar in all the studies. The woody vegetion at 

Nylsvley appears to be lower in calcium and sodium than is
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reported for ths same species gt.wing in diCCerent areas. Cnly the 

values o£ calcium reported by jachman & Bell (unpublished) were 

lower than those at Nylsvley.

ii. Genera cccarring at Nylsvley

The Acacia, ziziphus and several Grewia species were particularly 

rich in protein and minerals. The Tenninalia species were rich in 

calcium alone. Generally Tenninalia and Dlospyros species and 

evergreen genera Euclea and Ximenia were low in protein. Lannea. 

Combretum, Rhus and vitex species were o£ intermediate nutrient 

levels, although the Lanneas were low in calcium (Dougall et. al. 

1964).

Protein rich forbs species were o£ the genera, Achyranthes. 

Oomphrena, Ipomea, Hibiscus and Solanum species of Becium and 

Hermannia were low in protein and minerals. Mineral rich genera 

included Justicla. Gotnphrena. Leucas, Hibiscus. Solanum, 

Indlgofera and Tribulus. The latter two genera being especially 

rich in calcium. Tephrosia species were of low mineral content. 

Forfculaca and Hemannia species were low in phosphorus and Labiate 

species and Asparagus were low in calcium (Dougall et. al. 1964).

b. Nutrients Contents in Ecosystems

i. Savannas

The nutrient content o£ browse plants varies considerably betwaen
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plant species but on avecage the protein content of the vegetation 

at Nylsvley was similar to that found in other Southern African 

Savannas {Bonsma 1942, 1976, Gcoenewald et. al, 1967, Aucamp 1971, 

Roth & Osterberg 1971, Rees 1974, Rushworth 1975, Barnes 1976)• 

The protein content of South African karroid shrubs is on average 

about 2-3% less than that of the savanna vegetation. East African 

savannas on soils of volcanic origin (Bell 197 1) are more protein 

rich than Southern African savannas, particularly in the dry 

season when the crude protein level of many plants in Bast Africa 

remains above 15% (Dougall et. <*1, 1964, Field & Ross 1976, Le 

Houerou 1980). The crude protein concentration of browse plants in 

southern savannas is generally between 15% and 10% although newly 

emergent vegetation can contain as much as 30% protein for a brief 

period.

The phosphorus content of the vegetation at Nylsvley was in 

the region of 0.1 - 0.2%. This i3 less than that found in East 

Africa (Field & Ross 1976, Dougall et. al. 1964), but similar to 

the vegetation of Southern and West African savannas (Bonsma 

1976, Le Houerou 1980).

Karoo shrubs (Louw et. al. 1973) and plants growing in

Kalahari sand deposits in Zimbabwe (Rushwarth 1975) contain 

approximately half the phosphorus content of other Southern 

African savanna plants.

The browse plants o£ Nylsvley were relatively poor: in other 

minerals with calcium and potassium each constituting about 1% of
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the dry weight of the leaves, magi--.:sium formed 0.25% of the leaf 

weight and sodium was present only in trace amounts. The Kalahari 

sands vegetation contained similar concentrations of these 

minerals to Uylsvley but all other savanna types contained almost 

double the concentrations of these minerals (Dougall et. al. 1964, 

Louw et. al. 1973, Bonsna 1976, Le Houerou 1980).

ii. Forests

The vegetation of the rainforest of Kihale in Uganda (Gartlan 

et.al. 1980, McKey et. al. 1978, Waterman et. al. 1980) was richer 

in crude protein than savanna vegetation. The soils of Kibale are 

fairly fertile sandy loams. Persistent plants of the Panama 

rainforest however showed similar nutrient levels to savanna 

vegetation (Coley 1983), or slightly less (Milton 1979).

The forests of Douala-Edea in the Cameroons [Gartlan et. al. 

1980, McKey et. al. 1978, Waterman et. al. 1980), tropical Indian 

forest (Oates et. al. 1980) and Costa Rican Corests (Glander 1981) 

are of rather lower protein and higher fibre content than the 

vegetation of Nylsvley and other savannas. Douala Edea forest is 

an evergreen tropical forest growing on highly acidic, hence 

nutrient poor soils derived from sandy marine sediments. In 

addition the rainfall is heavily seasonal (Gartlan et. al. 1980). 

The Indian forest is also a tropical evergreen forest growing 

under a heavily seasonal rainfall regime. The soils are stony 

(Oates et. al. 1980). The third, and most nutrient poor forest was 

the Costa Rican tropical dry forest (Glander 1981).
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In all casus the nutrient content of the vegetation appeared to 

rairror the fertility of the soils.

iii. Montane Vegetation

The forest vegetation of Virunga mountains of Rwanda was rich in 

protein and nutrients and low in fibre {Waterman et. al. 1983) 

compared to South African savanna vegetation and to lowland forest 

vegetation of the sane area (Waterman et. al. 1983). Most of the 

vegetation of the montane habitat consisted of non-woody plants.

iv, Temporate and Boreal Habitats

The vegetation of the USA (Radwan & Crouch 1971, Belovsky 1981, 

Vangilder et. al. 1982), and coniferous forests in Norway 

(Hjuljord et. al. 1982), was generally poor in crude protein and 

more fibrous than savanna vegetation. Mineral contents were 

however fairly high.

Tundra vegetation has an average crude protein concentration 

in mature leaves similar to that of savannas but is low in 

minerals (Chapin et. al. 1975, Batzli 1983). These plants require 

relatively high enzymatic levels in their tissues in order to 

function under very low temperature regimes (Chapin et. al. 1980b) 

so contain high nitrogen levels despite conditions of poor soil 

nutrient avilability.
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b. Nutrient contents o£ Grass, Forbs and Woody plants

The range of nutrient contents in woody plants and forbs were very 

similar. The crude protein content of browse is generally 

considerably higher than that of grasses at all times except the 

early growing season. Grass supplies a surfeit of energy but is 

usually limiting in protein.

The protein level of tropical grasses frequently falls below 

5% which is considered as the critical maintenance requirement of 

cattle (ARC 1965). Browse on the other hand rarely contains less 

than 8% crude protein in the late dry season and is often above 

10% (Bonsma 1942, Cougall et. al. 1964, Gcoenwald 1967, Roth & 

Osbecbsrq 1971, Rushwortb 1975, Field & Ross 1976, Owen-Snith

1982). The vegetation of Uylsvley was no exception.

Grasses are generally lower in calcium than browse but 

slightly richer in phosphorus. Most plants contain adequate levels 

of potassium but very little sodium. The potassium content oE 

forbs was generally slightly higher than that of woody plants. 

Leguminous species are frequently high in crude protein and low in 

fibre as compared to non-leguminous species (Dougall et. al. 

1964).

c. Distribution of Nutrients between plant Species

The nutrient concentration in browse plants varies greatly between 

species. The three deciduous thorny tree species analysed were
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noticeably rich in nutrients. All were of the leguminous subfamily 

Mimosotdeae, Nitrogen fixation by root nodule bacteria is common 

in this subfamily (Grobelaar & Clark 1975), and leguminous plants 

are frequently high in protein (Dougall et. al. 1964). However the 

non-leguminous thorny tree Z. micconetta and Che spiny forb _S_. 

panduraefoniie were also comparatively rich in protein. Other 

nutrient rich species were the unarmed woody species G. flavescens 

and D. rotundifolla and the forb J. flava.

Evergreen plants are frequently very fibrous and 

consequentially 2ow in nutrients. The evergreen shrub E. 

natalensis was indeed of low nutrient content. The other evergreen

ies tested bore sharp terminal leaf: spines and was richer in 

nutrients than E. natalensls.

The three ecological dominants of Surkea savanna, S. africana, 

T. secicea and 0. jxilchra were all of low nutrient status and 

withdrew nutrients from the leaves before leaf fall. B. africana 

is a leguminous species but does not harbour nitrogen-fixing 

bacteria (Grobelaar & Clark 1975), neither did the other common 

member of the Leguminous subfamily Caesalpinioideae p. africanum.

d. Seasonal Changes in Nutrient concentrations in Browse Plants

Protein rich plants tend to be rich in other nutrients and 

conversely low in fibre. The concentrations of nitrogen, 

phosphorus and potassium were greatest in newly emergent foliage, 

declining sharply as the leaves achieved full size and began to
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harden. Thereafter a gradual buiDd-up of cell wall components 

slowly diminished the relative amount of cell sap and presumably 

of soluble nutrients in the tissues. Crude protein contents of up 

to 25% dry weight were recorded for new leaves of Acacia trees and 

some forbs. Pellew (1982) found that the protein content of newly 

flushed Acacia shoots may reach 30% while the thorns are still 

soft.

Magnesium and sodium sr.owed little seasonal change in 

concentration, but the results for sodium are suspect due to 

contamination caused by handling. In woody plants, but not forbs, 

calcium gradually accumulated. Much of the calcium in plant 

tissues is associated with the cell walls (Salisbury and Ross 

1969)»

Multivariate analysis of a wide range of plants by Garten 

(1978) distinguished three main sets of plant minerals. The first 

set, phosphorus, nitrogen, calcium, sulphur and iron were involved 

in the synthesis and maintenance of protein, araino-aclds and 

nucleic acids. Magnesium, calcium and manganese formed a 

structural and photosynthetic group. Magnesium is central to 

chlorophyll and helps maintain ribosome structure, while calcium 

Is found in plant cell walls. Magnesium and manganese were also 

correlated to potassium. These three minerals are important enzjme 

activators (Salisbury & Bass 1969).

Concentration of nitrogen and phosphorus were positively 

correlated in woody plants at Nylsvley but not in forbs where
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phosphorus seemed to be relatively independent of other minerals. 

Magnesium was most strongly correlated to calcium and potassium 

indicating that these minerals may fall within She structural and 

enzymatic sets of nutrients distinguished by Garten (1978). These 

relationships were most evident in the immature foliage of woody 

plants but the correlation broke down as the foliage matured.

e. Soil Nutrient Status and Nutrient Concentrations in the 

Vegetation

Plants obtain their nutrients from the soil. Hence the 

availability of soil nutrients is often reflected in the 

vegetation, plants growing on impoverished soils tend to be of 

lower nutrient status than those growing on richer soils 

(Grimsdell « Bell 1974, Gartlan et. al. 1980).

The soils of the Acacia patches at Nylsvley are enriched with 

phosphorus compared to the surrounding soils supporting Burkea 

savanna (Harmse 1977). The woody plant species growing in these 

enriched sites were generally of higher nutrient content than the 

dominant species of the Burkea savanna. This pattern was also 

reflected in the forb component. However within the Burkea savanna 

a few species were of equally high nutrient status to those of the 

Acacia savanna. Microsite differences may explain the occurrence 

of nutrient rich species in the Burkea savanna. For example G. 

flavescens occurs on old ant hills which are probably of enhanced 

nutrient status.
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a. plant Secondary Compounds in Savannas and Other Ecosystems.

Virtually no quantitative information! is available on the 

serxmdary compounds present in savanna plants other than those 

substances of medical significance or injureous to livestock. A 

preliminary screening of some of the common woody plants at 

Nylsvley by Glennie (unpublished) merely confirms the findinys of 

this study.

i. Toxins

Although cyanogenic activity is frequently repoi ;d for A, 

tortilis (Watt & Breyer-Brandwijk 1962} no trace of cyanogenic 

glycosides was detected in this species at Nylsvley. Polymorphism 

is comaom in cyanogenic plants and has been proven in Acacia 

farenesiana {Seigler et. al. 1979, Janzen et. al. 1980), so 

probably occurs in other Acacia species. No cyanogenic activity 

has been reported for the other Acacia species occurring at 

Nylsvley and none was found in this study.

ii. Ether-extractable Compounds

Ether-extractable compounds generally constitute less than 5% o£ 

the dry mass of savanna plants and at the most 10% (Dougal et. al. 

1964, Louw et. al. 1973, Rushworth 1975, Field & Ross 1976.)

2. Plant Secondary Compounds



Resins are far more abundant in cold-climate vegetation. In Alaska 

ether-extractable resins may account for 40% of the dry mass of 

overwintering twigs (Bryant 1981a).

iii. phenolic compounds

The concentrations of total polyphenols and condensed tannins 

measured in A. tortilis at Nylsvley were similar to those found by 

Wrangham & Waterman (1981) for the same species in Amboseli, 

Kenya. Other than this study most of the work on polyphenol 

contents of natural vegetation refers to tropical forests.

i.) Ttotal Polyphenols

The total polyphenol content of leaves of Woody plants at Nylsvley 

ranged from 0 to 30% dry weight when measured by the Jerumanis 

method, or 0 to 17% with the commonly used Folin-Denis method. The 

range of total polyphenol contents in plants of many ecosystems 

was similar to th;it at Nylsvley. This includes tropical forests 

(MCKey et. al. 1978, Milton 1979/ Gartlan et. al. 1980, Oates et. 

al. 1980, Waterman et. al. 1980a), African montane vegetation 

(Waterman et. al. 19U3) and strandveld (Puttick & Glyphis 1980).

Plants containing higher concentrations of total polyphenols 

occurred in the nutrient poor forests (Gartlan et. al. 1980, Coley 

1983) and in Alaskan vegetation (prudhomme 1983). Phenolic 

compounds are particularly prevalent in the genus Eucalyptus, the 

leaves of which may contain in excess of 40% polyphenols (Maoauley
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& Fox 1980). Eucalyptus species grow under conditions of low soil 

nutrient availability and are also rich in terpenes and low in 

nitrogen.

The lowest concentrations of polyphenols were found in African 

montane vegetation which is mainly herbaceous (Waterman et. al. 

1983), and in the nutrient rich forests of Uganda (McKsy et. al. 

1978. Gartlan et. al. 1980, Waterman et. al. 19801;.

ii.) Condensed Tannins

The mature leaves of woody plants at Nylsvley contained between 0 

and 13% condensed tannins relative to a Sorghum III tannin 

standard. Similar ranges of condensed tannin contents were 

recorded for African montane vegetation (Waterman et. al. 1983) 

and the nutrient rich forests of Uganda (McKey et. al 1978, 

Gartlan et. al. 1980, Waterman et. al. 1980a), but the averaged 

condensed tannin contents of the vegetation in these two 

ecosystems was less than for the Nylsvley plants. This indicates a 

greater occurrence of high tannin plants in the savanna.

In several plant species of the nutrient poor forests, and 

some Eucalyptus species, condensed tannins constituted a quarter 

of the dry weight of the leaves (McKey et. al 1978, Gartlan et. 

al. 1980, Oates et, al. 1980, Waterman et. al. 1980a, Macauley & 

Fox 1980, Coley 1983). The average contents of condensed tannin in 

these forests was much higher than that measured in savanna 

vegetation. As a note of caution it must be remembered that
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condensed tannins In the savannas were measured relative to a 

different standard to that used in the forest studies/ Quebracho 

tannin being unavailable In South Africa.

b. Distribution of Plant Secondary Compounds in Grasses, Forbs and 

Woody plants

Plant secondary compounds are characteristic of browse plants but 

are uncommon in grasses. At Nylsvley polyphenols were 

characteristic of the woody vegetation, while alkaloids were 

prevalent in the £orb species. This is characteristic of jnost 

vegetation {Feeny 1976, Rhoades and Cates 1976). Substances with 

both digestion-reducing and toxic properties, such as saponins and 

terpenes were found in both woody plants and forbs.

c. Differences In the Comnitment of plant Species to Defensive 

Compounds

If chemical defence is costly to the plant in terms of resource 

allocation, it Is to be expected that plants with structural or 

other defences will be low in chemical defences. Rehr et. al. 

(1972) showed that the foliage of South American Acacias, which 

are defended by mutualistic colonies of ants, hava little or no 

cyanogenic activity, while the leaves of non-ant Acacias are 

bitter and cyanogenic.

The leaves of the deciduous thorny species at Nylsvley were 

however rich in polyphenols despite having sharp thorns. The one
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thorny evergreen plant contained little polyphenol but did contain 

alkaloids. Thorns are dead structures and once formed have little 

or no maintenance cost. They are effective against large 

herbivores but the plant must still be defended against insect 

herbivores and pathogens.

Evergreen plants are highly apparent to herbivores and hence 

require strong defences. In addition, evergreen plants tend to 

lack major storage reserves in the stems and roots for regrowth 

after defoliation (Bryant et. al. 1S83). Such plants tend to be 

defended by digestion-reducing compounds, as was the case for the 

evergreen E. natalensis which was rich in condensed tannins. The 

other evergreen, S. pungens, however contained 2ietle polyphenols 

and no condensed tannins. In contrast to that predicted by the 

theory of apparency this plant was defended by alkaloids.

d. Seasonal Change in the Defensive Coirmi tment of plant Species

A plant's commitment to defence is related to the value of that 

tissue to the plant in terms of fitness lost should It be subject 

to herbivory (Feeny 1976, Rhoades and Cates 1976). Qualitative 

defences are usually highest in young tissues o£ apparent plants 

or In the case of forbs just prior to seed set (Jones 1950, MCKey 

1974).

The tests for alkaloids and cyanogenic glycosides used in this 

study were too simple to detect changes in tissue concentrations 

of these toxins, but two woody plant species showed the presence
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of alkaloids in their immature leaves alone, similarly cyanogenic 

activity was detected only in the period before seed-set in J. 

flava.

Enzyme-inhibiting polyphenols, ether-extrao table compounds and 

saponins increased in concentration as the vegetation matured, 

then decreased during senescence and presumably were degraded and 

re-utilised by the plants once the leaves became old and the 

fitness loss to herbivory decreased (McKey 1979, Zucker 1983, 

Drozdz 1962).

It has been suggested that immature leaves of woody plants do 

not contain carbon-based defences due to the problem of 

sequestering these substances away from the cell machinery (Orians 

and Janzen 1974, Feeny 1976, Rhoades and Cates 1976, McKey 1979). 

9ut evidence is accumulating that the young leaves of some plants 

ridy contain exceedingly high levels of phenolics (Rhoades and 

Cates 1976, Gartlan et. al. 1980, Coley 1983). This is in direct 

contrast to the prediction of the theory of apparency.

d. Environmental Conditions and the Cost oC Defence

A major component of the apparency model is the relative cost of 

qualitative and quantitative defence. Qualitative defences were 

thought to be less costly to the plant in terms of resources 

diverted from growth because they are active in small quantities. 

However, qualitative defences such as alkaloids have a rapid 

turnover rate within the plant. These substances often contain
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nitrogen. The carbon-based quantitative defences in contrast have 

a slow rate of turnover. Hence over a period of time there may be 

little difference in the cost of the two different types of 

defence (Swain 1978, Fox 1981). In fact carbon-based defences may 

be cheaper than nitrogenous defences to plants growing under 

conditions of poor nutrient availability but with adequate light 

for photosynthesis.

An alternative to the apparency model is the theory that 

habitat quality may be = major selective force in determining the 

defensive strategy of the plants (Coley 1983, Bryant et. al.

1983).

In environments where rapid growth is possible plants are able 

to replace lost leaves at less cost than plants which live in low 

resource environments and have a slow growth rate and a low 

capacity for compensatory grosrtb. The advantage of defence should 

increase as the potential msximun growth rate declines. Hence when 

the growth potential is high poorly defended species should be 

favoured, but when the potential for growth is low, relative to 

herbivory, the plants require strong constitutive defences.

Coley (1983) found that fast growing pioneer forest plants had 

a lower commitment to fibre and phenolic constituents than 

persistent species growing in the understorey where competition 

for nutrients is more severe. Similarly In a study of two African 

rain forests, one growing on acidic white sand soils and the other 

on fertile lateritic soils, Gartlan et, al, (1980) found the
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phenolic content of the vegetation growing under nutrient poor 

conditions to be double that of the vegetation growing on fertile 

soils. Alkaloidal species were more cannon in the nutrient rich 

forest.

Boreal vegetation grows under very different climatic 

conditions to tropical forest vegetation, yet again plants adapted 

to low resource environments have evolved strong carbon-based 

defences, this time phenolic resins rather than tannins, while the 

mots rapid growing plants of higher quality environments are only 

heavily defended against browsers when in tlvi juvenile phase and 

rapidly grow oat of reach of browsers (Bryant et. a).. 1983).

The savanna plants at Nylsv iy grow on sandy soils of fairly 

low nutrient status, hence it is expected that the commitment to 

carbon-based defences will be high. In both the Burkea and Acacia 

savannas high levels of phenolic defences were found, particularly 

in the dominant plant species. Th*» higher nutrient status of the 

soil in the Acacia patches was not reflected in a lower commitment 

of the plants to phenolic compounds.

The distribution of defensive compounds in the savanna 

vegetation at Nylsvley can be explained by either the apparency 

model (Feeny 1976, Rhoades and Cates 1976) or by habitat quality 

(Coley 1983, Bryant et. al. 1983). Both models have their 

advantages and disadvantages. The apparency model was initially 

based on erroneous calculations of the relative cost of 

qualitative and quantitative defences, yet the habitat quality
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model falls to explain why forts should have predominantly 

nitrogen-based qualitative defences even when growing In nutrient 

poor habitats where the woody plants are heavily committed to 

carbon-based defences.

5.5. SUMMARY OF RESULTS

i. The savanna vegetation at Nylsv'iey was of similar nitrogen 

and phosphorus content as other Southern African savannas, 

but was low in other minerals, values for specific plant 

species reflect the same pattern of nutrient concentration. 

Southern African savannas are less nutrient rich than those 

of equatorial Africa, particularly in the dry season.

ii. Savanna vegetation is more nutrient rich than evergreen 

tropical forests and coniferous forests where soil nutrient 

availability is low. Forests growing in nutrient rich soils 

and African montane vegetation contained higher levels of 

nitrogen and minerals than savannas.

iii. There is great seasonal and inter-species variation in the 

nutrient levels of browse plants. In the dry season the crude 

protein content of tropical grasses frequently Calls below 

the critical maintenance requirement of ungulates, but browse 

plants usually contain around 10% protein even in the late 

dry season.
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The woody plant species at Nylsvley contKned high levels of 

phenolic defences. Forbs contained mainly alkaloids. The 

presence of structural defences does not indicate a low 

commitment to chemical defences in the plants, virtually no 

information is available on the concentrations o£ defensive 

compounds in the vegetation of other savannas.

African montane vegetation and tropical forests growing on 

fertile soils contained a smaller proportion o£ tannin rich 

species than occurred at Nylsvley. Very high concentrations 

of phenolic defences were found in the nutrient poor foliage 

o£ tropical evergreen forests and Eucalyptus trees.

The quantitative defences of cold-climate plants tend to be 

phenolic resins rather than tannins. Resins are uncommon in 

savanna and tr„pical forest vegetation. However, 

concentrations of resins show the same relationship to 

habitat quality as do the tannins of plants from warmer 

climes.
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THE EFFECT OF PLANT STRUCTURE ON SPECIES SELECTION AND UTILISATION 

BY BROWSING UN3ULATES

6.1. INTRODUCTION

Nutrient availabilities to the herbivore are influenced not only 

by the concentrations within plant tissues, but also by associated 

factors controlling the rates o£ ingestion. These include 

morphological features o£ the plants, such as the grovth-form of 

the plant, the size o£ the leaves and their distribution on the 

less nutritious stems, and the presence o£ structural deterrents 

such as thorns and spines.

Several studies suggest that thorns are a defence against 

foliage loss to large herbivores (Brown I960, Carlquist 1974), but 

there is little experimental evidence. However, phytophagous 

insects are not likely to be a causal agent in the evolution of 

large thorns and spines on plants, in Africa where browsing 

pressure by large herbivores is high, both at the present time and 

historically, the Acacias and many other plants are heavily 

thorned (Brown 1960). Armed plants are also common in tropical 

America. Although there are few native browsing animals in this 

area now, large browsers were abundant until fairly recently 

(Brown I960, Janzen & Martin 1982) and thorniness is often 

retained as a juvenile trait {Kowlowsky 1971). In Australia no

CHAPTER 6.



such radiation of large browsers seems to have taken place and few 

trees are thorny. Small browsers do occur and several of the low 

growing shrubby Acacias which are within the reach of these 

browsers do bear thorns, even some grasses are spiky {Brown 1960). 

The lack of armature is also characteristic of many oceanic 

islands, although some plants may be thorny in the juvenile phase 

{Carlquist 1974).

The distribution of spines on the plant suggests their 

defensive role against large herbivores. Many plants become less 

spiny as they grow out of ceach of browsers. The lower branches 

branches of Acacias where the foliage is potentially within reach 

of browsers are often heavily armed. Similarly th‘) leaves of Holly 

(Ilex aqulfolium) on the lower branches are exceedingly spiny 

while crown leaves are smooth (Crawley 1983).

Many thorny species can facultatively increase their 

thominess when browsed (janzen 1981). The prickles on browsed 

plants of Rubus species are longer and sharper than those on 

nearby unbrowsed plants (Abrahamson 1975). Around a Sudanese 

settlement, Sey el Din and Cbeid (1971) noticed that Acacia 

radlana, when browsed by goats, produced stunted branches covered 

in stiff thorns, while Acacia Senegal, which does not have this 

ability, merely died out.

There is often an increase in the proportion of spinescent 

plants in heavily grazed areas suggesting avoidance by the animals 

(Papageorglou 1979). The presence of Solanum species is often an
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indicator of overgrazing in Southern African Acacia veld (Grunow 

pers. comm.). Similarly Papageorgiou (1979) recorded that on a 

Greek island overgrazed by goats, the vegetation was characterised 

by a spiny shrub association, while the nearby goat-free islet was 

characterised by unarmed palatable plants.

Many thorny plants are however eaten by large herbivores 

suggesting that they may be of high nutritional value. The effects 

of plant structure on food selection by large herbivores will vary 

for animals with different feeding strategies.

6.2. METHODS

The influence of plant structure on the acceptance of common plant 

species to kudus, impalas and goats was considered in terms of

i. plant height,

ii. intake rate achieved,

iii. leaf size and the leaf to stem weight ratio of shoots,

iv. the presence of structural defenses.

The average weight of single leaves and the ratio of stem 

weight of shoots of a size eaten by the animals was calculated 

from composite samples of 100 leaves or a minimum of 10 shoots. 

Values are expressed in terms of dry weight. The intake rate was 

calculated as described in chapter 4.

The effect of structural defenses was examined in two 

experiments involving the removal of thorns from woody plants.
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i. Removal of Thorns from Trees in the Veld

Ten trees each of Acacia burkel, A. nllotica, A. tortllls and 

Dlchrostachys ctnerea of a height accessible to impalas were 

selected in an area of the reserve adjacent to the enclosure Cor 

the tame animals. On each tree twj branches were matched for size, 

shape, density oC leaf cover and ease of access for browsers. The 

paired branches were labelled and the thorns removed from one of 

the pair, while the other was left intact. The relative loss of 

foliage due to browsing was estimated visually two months after 

the Initiation of the experiment in December 1981,

ii. Removal of Thoms on Brancher, presented to Penned Goats

Twelve branches of each of the armed species A. burkel, h, 

nilotlca, A_. tortllls, D. clnerea and Strychnos punqens, 

representing a variety of thorn and spine shapes and leaf sizes, 

were cut and matched for size, shape and density of leaf cover. 

For each species the thorns and spines of six branches were 

carefully removed. M l  the branches were labelled and weighed. One 

clipped and one undipped branch were kept as controls. The other 

ten branches were individually presented to single penned goats, 

starting with a clipped branch then in random order. The goats 

were only allowed bo eat approximately 20% of tho leaves on each 

branch in order to minimise any effects of depletion of the leaves 

or satiation of the goat. The branches were subsequently weighed 

and the uneaten control branches used to correct for weight loss
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due to transpiration. The intake rate of tho goats could then be 

calculated. Intake and Oite rates achieved were statistically 

compared using students "tM test. This experiment was repeated six 

times over a period of two weeks.

No penning facilities without natural vegetation present were 

available for use with the impalas and kudus. This experiment was 

repeated with the impalas but they preferred to eat the grass in 

the pen rather than the hand-held branches. When die branches tied 

to the fence instead of being hand-held the impalas merely tossed 

them around with the horns and still did not eat any of the 

leaves.

S.3. RESULTS

1. Plant Characteristics

i. >lant Size

At Nylsvley the major cohort of woody plants with foliage within 

reach at the browsing ungulates consisted of shrubs and juvenile 

trees of under 0.5m high. These plants, which formed 40% of all 

woody plants, are within the herbaceous layer and hence are 

susceptible to both browsing and fire. The next most co;nmon cohort 

was shrubs of 0.5 - 1.5m in height and trees of above 2.5m. Most 

of the foliage of these trees is out of reach of the browsing 

ungulates. Few plants of the intermediate size occurred (Fig 

6.1.).
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Kudus Impalas Goats

plant Height Classes

Fig 6.1. The size Distribution of the Woody Plants Encountered by 

Kudus, Impalas and Goats ( Excluding those plants on which no 

Coli^e was within the height reach oE the animals )
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Fig 6.2. The Size Distribution of Woody Plants Relative to 

Acceptance and Utilisation by Browsing Ungulates.
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All the animals had the lowest acceptance for the small woody 

plants growing within the herbaceous layer. The acceptances of 

plant within the other cohorts were fairly similar (Fig 6.2.}. Due 

to the relative scarcity of plants in 1.5 - 2.5 m. height class, 

roost of the diet of the animals consisted of shrubs of 0.5 - 1.5m 

and trees. The kudus ate less of the smallest size woody plants 

than did the impalas and goats. When feeding in the herbaceous 

layer kudus tended to eat forbs rather than small w o d y  plants.

ii. Bite Size Achieved by the Animals.

When feeding on forbs and most structurally undefended woody 

plants, the bite size of the kudus was significantly greater than 

that of the impalas and goats by a magnitude of 2-3 times (Tables

6.1. s 6.2.). The kudus usually bit off large shoots, whereas the 

smaller animal species ate small shoots and single leaves (Fig

6.3.). The average bite size of the goats when feeding on wood* 

plants was consistently slightly higher than that of the impalas, 

but the difference was not significant. When feeding on forbs the 

bite size of impalas and goats was very similai. The average bite 

size achieved Dy animals when feediny on forbs Was almost half 

that achieved from structurally undefended woody plants.

The presence of vhorns or spines on V ' branches of woody 

plants limited the animals to eating single leaves. All three 

animal species therefore achieved very similar bite sizes from the 

Acacia species and D. cinerea trees. Although the bite size
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xudus Iaipelac C-oats

Species Mean SE n Mean SE n Kean SE "

Acacia nilotic* 0.63 f .00 29 B.03 + 0.0B 320 B.03 0.00 91

Acacia tortllls 213 0.03 + 9.0B 37

Burkea aCrican& 0.79 + .06 75 0.0B t 0-BB e 0.20 i 0.01 207

Coobretun nolle 0.37 ♦ ■ 04 93 0.19 t 0-01 184 0.26 t 0.02 131

Dl chrostaehys cinerea 0.10 + .01 457 6.08 t 8.00 938 0.10 t 9,00 351

Dxnbeya cotundifelia 0.46 i .03 41 .  - - 0.25 0.06 526

Euclsa naealensis 0.48 * .84 36 0.14 * 0.01 138 0.21 t 0.01 1931

Grewia l.ivesKens 0.27 + .01 766 0.05 t 0-04 1965 0.09 i 0.00 1333

O-hna pjlehra 9.P ♦ .01 2*>i> 0.10 ± 0.02 95 0.15 ±0.01 120

peltophorua africsnja - - 0.37 * 0.81 54 0.72* e. as 5

Rhus ieptodictya 0.44 * .02 IS 0.09 t 0.01 25 0.17 i 0.01 178

Strychnor- jMngen-, B..17 i .01 179 B.0C i 0.B1 lie 0.08 i 0.61 146

Teralnalia sericea (>.46 + .0*' 80 0.28 + 0.04 24

Vltox teJiaannll .Pi IV P.14 * 0.02 17 0.14 ; 0.01 220

War. Thorn/ Piaj.ts ? .r  * e.04 * p.02 3 0.85 i 0.03 3

Mean jteft-thomy Plaaeo 

awluiinj P. aftlcanur.

0.4* t .04 1? 0.14 * 6.03 10 0.1Bi 0.02 10

son a£ Cit> Average Btte Site (?-£' Actiiuvcd by Kudos, lapalas a 

Goats wtic:i porjtrvj 011 Woody plaits

Gcato i icpslaa Kudus : Kspilas Kudus : Coats

61*.

Acacia niiorica 

Acacia rortlllo 

Buckna afrlcsiu 

Coabretuo nnllo 

Dlenrestiishys clnerea 

ttxrixya rotundlfoUa 

Euclea notaloraln 

Grevle flavescona

pcitophorusi ofricanum 

HfiuB leptodlctya 

Strychnos pungens 

Temlnalin eerlcea 

vitex rehnannil 

Mean AH Thorn, Plants 

Mean Ml Non-.ftomy Plants

1.565*** «5

1.1S5 141-•

1.807 2069

1.309 2399

0.94S 215

1.S37 55

1.600 263

8.667 264

2.714** 277 

1.414 1395

12.712“ * IBtL 

6.037*** 345

5.393*** 282

1.4S7 224

B.BBC 809

2.B5B** 567 *

3.227** 3967

3.641*** 194

1.166 40 

9.12?*** 377

[ Significance Levels t * P < 0.05j ** P < 0.Bij *** p < 0.001 )
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Table 6.2.a. The Average

Species

Evolvulus alslnold«a 

Heossnnia grlse® 

IndlgoEera macra 

Justicla £l#va 

Oldenlandia herbacea

PoUichla canpestrU 

Sida cordifolia 

Solanus pancSureafotwe 

Tepirasis forbesii 

Waltherla Indica 

Mean Ml Stales 

KMn Hatched species

Kudus Impalas Goats

Mean BE n Mean SC n Mean SB n

- - - 0.65 i 0.09 5 8.66 + 0.00 25

0.23 + 8.01 61 6.89 + 0.01 169 9.10 + 0-00 306

Size (9ns) Achieved by Browsing Ungulate when Feeding

6.11 t 8.00 126 0.08 + 0.68 33 0.06 * ®>00 8

8.31 * 8.02 138 

0.52 1 0.0? 27

0.24 t 3.01 21S 

0.28 * S.07 S 

0.28 * 5-87 S

0.10 t 0.00 43

6.06 + BM  156

0.11 f 0.00 73

0.04 t 0.01 18

0.11 ± 0.00 303

0.08 t 0.01 8

0.09 + 0.01 S

0.08 t 8-00 99

0.05 t 0.00 73

B.14 + 0.00 271

8.09 i M l  6

8.09 + 8*02 5

Table 6.2.b. a cceparlson of the Average Bite Size (gms) Achieved by R 

Costs when reeding on forbs

Evolvulus alatnoides 

Haraonnla grisea 

Indlgofera wcra 

justlcia flavA

Oldenlandia herb̂ ôa 

Polllchla campeatrio 

Side cordifolia 

Solanim pandurcafonw 

VephcoaSa forbesii 

Walther.a lndioe 

Mean All Species

0.633 142 

e .m  229

1.732 682 

0.045 14

4.696*** 173 

7.6S7*** i83

2.1?1* 134

S.750*** 229 

431*** lift

3.162“  486

1 Dapalas

.378 409 .985*" 230

( Significance Levola 1 * P < 0.<35| *4 P < 0.01( *** P < 0.881 )
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achieved by the animals was significantly correlated to the rate 

of food intake {Fig 6.4.)/ the acceptance of a plant species did 

not correlate with the size of bite obtained (Pig 5.5.).

iii. Biting Rate Achieved

The impalas generally !iad a significantly itwre rapid biting rate 

than the kudus and goats {Tables 6.3 & 6.4.). Unlike the bite size 

the biting rate was not related to the rate of food intake 

achieved (Figs 6.6. & 6.7.). The biting rate on woody plants was 

not significantly correlated to the acceptance of the woody plants 

(Fig 6.8.). Biting rates were most rapid when the animals were 

feeding on the thorny Acacia species which offer only a small bite 

size, and also on the Eavoured species D. cinerea, G. flavescens 

and v. rehmannii.

The impalas also had a rapid biting rate when feeding on S. 

pungens. They tend to pluck off single leaves in rapid succession 

rather than eating the shoots. The stems of s. pungens were very 

hard and every leaf bears a sharp terminal spine. The kudus had a 

low biting rate when feeding on these spiky shoots. Each shine was 

bitten off with the molars then delicately turned around in the 

mouth until the spines pointed away from the throat before it 

could be swallowed. The goats ate mainly single leaves of this 

species but at a slower tdte than the impalas.

The acceptance of forb species by i'"oalas and goats was also
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e Averoijo Dicing Hate (bitoa / mln) Achloved by Bcowairvj Ungulate w 

Fueding on Moody plants 

Kudus XffaiaB Goats

Acacia nllotica 

Acacia tortllls 

Burkea aCrtcana 

Ccobretum nolle 

Dlchroscachys clnerea 

Benbeya rotundUolU 

Buclea nawlensts 

Grewia Jlavta scans 

Ochna pulchra 

Peltcptora sCrlunua 

fUius Isptodietya 

Strychnos pungens 

Temlnnlia sarlcoa 

Vitex rehaannii

Acacia nllotica 

Acacia tortllls 

Burkea aCcteana 

Senbretua men la 

D'chrostachys slmrea 

Domboya rotundtColla 

Euclca natalonsia 

Crowia Slavescens 

Ochna pulchra 

Peltopborun africanum 

Rhus leptodlctya 

Btrychnoj pungent 

Temlnalia oerlcea 

Vltex rehmannii 

Mean All Species

16.6 + 

11.1 t

23.5 t

15.6 t

27.4 £ 1.5 

36.3 t 2-1

23.3 t 3.1

14.4 i 1.1

SE

3.9 t 1.6

2.S ± 1.6

,B t l.fl

.8 t 1.®

C the Average Biting Rates Ashleved by Kudus 

«ban Feodln] on Woody plants 

Coats i tmpalas Kudus i Iropalas

2.692*

49.619**

5.252**

20.892**

12.639*** . 

3.672**

40.165***

6.260***

5.319***

12.303***

5.529***

( Significance Levels :

•9 t

.3 t 1.3 24

Impalas and Goats

513*** 292 

674*** 59

11 1B.8 1.
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Species

Bvolvuluo alalnoldes 

Hensanma grisea 

Xndigotere maora 

Juselcia {lava 

Qldenlandla herbacea 

Polllchia esipestrla 

Sida cordlfolla 

Solanua pandureaforae 

Tephroaia fcfbenli 

KaltherSa Indica 

Mean

Averaje B1tIng Rate (bites /  min) Achieved by Bfowalng Ungulate when 

Poodlng on Forba

Kudus lapalau Goats

Hean SE n Moan SS n Wan SE n

- - - 33.3 + - 1 15.4 ± 0.7 6

23.9 * 2.1 14 35.9 + 3.3 19 34.3 + 1.9 41

33.9+ 4.1 IB 42.3 + 7.3 2 28.2 + - 1

35.1 ± 3.0 9 43.9 i 7.8 S 35.5+ 6.8 IB

19.7 + 1.0 16 32.0 + 2.0 17 35.1 + 3.1 IB

- - - 39.6 + 3.3 14 - - -

- - - 42.9 + 10.3 4 - - - 

27.4 ♦ 2.2 24 31.9 + 1.9 44 27.7 + 2.S 27

29.8 t 2.9 5 36.6 4 2.B 8 29.3 ± 3.1 6

Table 6.4.b. A ccnpatlson of the Average Dicing Rates Achieved by Kudus, lapalas and 0 

Mben feeding on Forbs

Goats i lapalas Kudus i tepalas Kudus : Goats

Spoelas t n t n t ,i

Evolvulus alolnoides 3S.981**' 9 - - - -

Henunnla qrloea 1.559 M  13.442*** 33 17.915*** S5

Indlgofera macra - - - - - -

justlcla flsva 6.J49*** 3 3.324** 12 5.0B9*** 11

Oldenlnndia herbacea - - - - - -

Polllctiia canpmrin 3.B35** 15 4.196** 14 6.B11 19

Elda cordlfolla 2.4B7* 27 11.841*** 33 13.:B9*»* 26

Solanun pandureatonw - - - - - -

Vephrosla . 'rbeni1 - * - - - -

Walehsrta Indica 4.415*** 65 5.249*** 6# 8.290 45

Mean All Spocleo 6.?74*** 14 7.308*** 11 0.815 13

Table 6.4





Kudus

TO* n - 5 f •  0.347

Impalas 

n « 8 r - S.349

Goats

6 r - 0.178

Average Siting [taka ( BIIob pur Mlnuto )

Fig 6.7. The Relation between tha D1 ting RatoAchlevudby Browsing Ungulates and the Rate of
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not correlated to the biting rate, but a significant correlation 

existed for the kudus due to their rapid rate of biting on the two 

favoured species campestris and J. flava (Fig 6.9.).

The rate of biting when feeding on forbs was generally more 

rapid than when eating woody plants. The forbs from which the 

highest biting rates were achieved were P. campestris and J. flava 

which do not have a very thick central stem. The impalas and goats 

both had a higher biting rate than the kudus when feeding on S. 

cordifolia and H. grisea. ifiese two forbs are perennial species 

with hard stems. The kudus ate shoots while the impalas and goats 

nibbled the leaves off the side of the stems.

For woody plants the bite size and rate of biting (Fig 6.10.). 

were negatively correlated only when the two large leaved, 

norv-favoured species B. africana and P. afrlcanum were excluded 

(kudus r * -0.617*/ impalas r = -0.636*, goats c « -0.615*). The 

biting rate and bite size achieved from forbs were not correlated.

iv. Intake Rates Achieved

а. Woody Plants

The acceptance of plant species by kudus, impalas and goacs was 

not significantly correlated to the intake rate achieved (Fig

б.11.). Many of the large leaved plants such as B. africana, P. 

africarmm and the Lannea species offered a high rate of food 

intake but were of low acceptance (Table 6.5.a.). The acceptance
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e Average Intake Rdta (gma t mln) Achieved by Browsing ungulate w 

on Woody plants

Acacia r, i lot lea 

Acacia aetliij 

Burkea a£rlcana 

ComBrutjn toUb 

Olchrjsĉ 'hya jj/ieroa 

■crafieya racur»Jl£oUa 

Suclea natalensU

peltofhocu* dfricama 

Rhus leptodlecya 

Strychnos pjngens 

Xecmlstalla seflcen

Vltex (chaannlt

’.3.24 * 2.34 ii

3.38 t 2.35 

6.89 t *-99

11.91 t 8*85 

6.23 *

1.51 + 0-09 

2.58 + 1.33 

6.42 f i.67 

1.45 * 8.3i 

1.47 * 0.23

Table $.5.6. A ccrapartnon of Wo Avorage Intake Rates ( jas / aln) Achieved by K 

Ispalas jnd 3o«ts whon Faedtrg on Woody plants

SpeCius

Acacia nllotlca 

Acaela tortilla 

Burlcea aJrleana 

Coubc*tu» solle 

Dlchrostachya clnorea 

Ocmbeya rotwdttolio 

Baelta nacalenaia 

CirewU Clavescens 

Ochna pulchra 

peltophoruo aCrlcanun 

Rhus Jeptodlctya 

Strychnoa pungens 

Teralnalla sarlcea 

Vltex rehmawill 

Mean All Species

6.316

0.314

0.784

3.728**

2.264*

1.399

Kudus : tmpalas Kudus t Goats

3.777***

16.981***

5.112***

13.416**

6.832**

0.758

9.466***

( Significance Levels 1 * P < 0.95) ** P < «.01j *** P < 0.901 )
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o£ thorny species were of lower acceptance than other chemically 

similar species.

The kudus generally obtained a significantly higher rate of 

food intake than the impalas and goats when feeding on unarmed 

plants, but whsn feeding on thorny plants their intake rate was no 

different to that ot the smaller animal species (Table 6.5.b.).

All the animals had a significantly lower rate of food intake 

when feeding on the thorny Acacia species than when feeding on a 

palatable, unarmed, species such as G. flavescens, which had a 

similar leaf size (Table 6.5.C.). The rate of food Intake from D. 

cinerea was significantly higher than that obtained from the 

Acacia species, despite being similarly armed with stem spines. 

The leaves of P. cinerea are considerably larger than those of the 

Acacias (Table VS.), yet despite the larger l<af size, the rate 

of food intake /Chleved by the kudus when feeding on D. cinerea 

was still lower than that achieved from unarmed species even those 

with a smaller leaf size. This is bec*i>3Q kudus mainly select 

shoots when feeding on unarmed species, wh>-. -sas the bite size from 

thorny plants is limited to singl« Waves, Impalas often eat 

single leaves when feeding on unarmed pi ml.--- nnd hence the Intake 

rate achieved from D. cinerea was compar.ird-* *ath that of several 

unarmed species.

The intake rate of kudus when feeding on S. pungens, which 

offers a large bite size but a slow biting rate due to the spiny 

leaves, was comparable to that achieved from unarmed species with



Table 6.6. TtM Average Weight (gns Dry Weight) of Indlvidlual

leavos of Woody Plane Species

Species (Man Rarqa

Borfcea africans 1.63 9.72 - 8

Lannea adults 0.34 - 6

tannaa discolor 0.99 0.31 - 3

Scleroe&fya caftra 9.77 B.63 -

V«nnu«r!« lnfauatre fl.6S 0.47 - 77

J«ltop*iori»i afrlcanua e.SB 0.20- S

Beqoartledendfon nagaltcBontamjn a.se 0.42 - 9

Jtcacla caCCra 8.24 0.23 - 3

Oonbretua zeytwrl 8.22 0.14 - 4

arldolla aollls a.21 0.20 - I

Crt-'e aoneJcola e.18 i.iS - 2

Ccobretm o»Uo 0.10 e,07 - 1

EucIm  rataleftslc o.ia 0.12 - S

Mundulea Mrlcea 0.17 0 ,4 — 9

Vitax rehnannU e.14 0.0B - e

CBhna pulehra 0.14 0.07 - 7

Ozoroa pftnlculosa S.14 e.as -

Stryehnoi! cecculcides e.i2 0.10 -

Dlcnrostnefiya clnerta 8.12 0.04 -

Donbeya roCundifblio 0.1? 0.07 -

T«mtnalU serleea 0.1B 0.06 -

Asacla hebaclada a.<e 0.10

Rhus pyroldea a.la 0.09 -

rows laptodlctya 0,10 0.05 -0



Table 6.6. Continued..

Strychnos madagasc'ensis 0.09

Combretum apiculatun e.ea

Euclaa crisps a.00

Paaudolaelmo3tyUs raaprounltollo 0.07

2l2H*iua oucronaca 0.07

XImenId caCfra a. a7

Csssine cransvaalanats 0.06

Acacia karoo 0.06

Grewia bicolor 8.05

Acacia burkel e.as

Sc w*no3 pungona 0.05

Grewia (lavssccns 0.34

Acacia nllotica 0.04

Grewia Clava Q.03

Car.tssa blsplnosa a.B3

KayCertus tenulsplna a. 82

Ehretlo rlgida 0.02

Canthlin gllttJlanit 0.02

teaclt cortflie 0.02

Euclea undulata a,82

Brytftrococca raaiytvarthll 0.01

Sacurldaca longlpedunculatt ci.ox
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a similar leaf sir’. The intake cate of the impalas on these 

species was also not significantly affected by the presence of 

leaf spines but these spines did lower the rate of food intake by 

the goats which tended to eat only single leaveo and small shoots 

of 2-3 leaves.

b. EVsrbs

The rate of food intake achieved when feeding on forbs was not 

correlated to acceptance for any of the animal species {Fig

6.12.). Favoured species like J. flava and T. forbesil offerred 

only a low rate o£ food intake as compared to the less favoured 

stenrny perennial species. The kudus obtained a significantly 

higher rate of food intake from forbs than did the goats and 

impalas due to their larger bite size {Table 6.7.). The impalas 

had a higher rate of food intake than the goats when feeding on S. 

cordlfolia and w. indica, due mainly to their more rapid biting 

rate.

v. Leaf Size and Leaf to Stem Ratio of Shoots

The size of the leaves of woody plants bore no correlation to the 

leaf to stem weight value of the shoots, except that species with 

very small leaves such as Securidaca longipedunculata naturally 

tended to have a low leaf to stem ratio {Fig 6.13.). Many of the 

thorny species such as Acacia species} z. mucronata and C. 

bispinosa also had small leaves. Species with a high leaf to stem 

ratio were the Combretum species and plants such as T. sericea and
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. the Average Inuke

Evolvulus alainoldes 

Beraannia grlsea 

Indigofera nacra 

Justlcia flava 

Oldenlandla hocbacoa 

Polllchla cacpesttls 

Sida cordifolia 

Solans pandura&fonie 

Tephrosia forbesii 

W&ltfteria ifriica

»te (gras / Bin) Achieved by Browsing U 

on Focbs 

Kudus Impalas

SE

- 1.61 + - 

14 4.S3 i 0.64

i 3.60 

i 2.21

t s.ae 

+ 1.29

2.79 + 1-68 17

3.66 ; 0.37 14

1.19 + 9.21 4

4.68 * 0.59 44

3.14 t 0.43 6

t i.e«

t 0-25

l.es

3.

1.

.45

>. A comparison of the Average 

and Goats w

Species

Evolvulus alslnoides 

Batumi* prises 

Indigofera aacca 

Justicla flava 

Oldenlandia herbacea 

polUchla canpestrlB 

Sida cordifolia 

Solamrn pandureaforne 

Tephcosln forbesJ, 

Waltherla it»3ic«

Mean AJ1 Species

Mica Rate (fas / sin) Achieved by K 

n feeding an Forbs 

u  Kudus : Ispalas Kudus : <

1.956

2.937**

{ Signifies

22.Y22***

Levels i 3.
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0 . pulchra where the leaves grow in clusters.

The acceptance of woody species was not correlated to the leaf 

weight (Pig 6.14.), except In the early growing season, when the 

impalas displayed a significant preference for the small leaved 

plants. Noticeably all the animals had a very low acceptance for 

the two large leaved species 8. africana and P. afrlcanum.

The ratio of leaf tissue to fibrous stem of the shoots was 

also not correlated to the acceptance of plant species (Fig

6.15.}. For the kudus in particular the large clusters of T. 

sericea leaves were of low acceptance.

The intake rate of the impalas was positively correlated to 

leaf size In the growing season (Fig 6.16.}. Since impalas eat 

mainly single leaves this relationship was only to be expected. 

This correlation was evident, but less strong, for the goats and 

Kudus in the growing season and did not reach significance. The 

intake rate of the kudus was correlated with leaf size in the dry 

season mainly due to the few occasions on which they ate the large 

leaves of JS. africana, but for the goats and impalas the rejection 

o£ this species spoilt the correlation.

The relationship between the ‘leaf to stem ratio of the plants

and the Intake rate was not significant for any of the animals.

Many of the plants species with large leaves or leaf clusters

enabling the browser to achieve a high potential bite size and
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hence intake rate were infact of low acceptance Co the animals. 

Conversely many favoured species had small leaves or were armed 

with thorns or spines. The acceptance of several large leaved 

species tended to increase in the dry season when food 

availability was low. There was no decrease in the acceptance oE 

smaller leaved species except for the microphyllous Acacias

species and D. clnerea. When dry these leaves disintegrated up on 

contact and hence the animals got very little to eat from these 

leaves.

2. Description of the Effect of Structural Deterrents on the 

Animals Method of Feeding

a. Woody plants

When feeding on Acacia species all the animals were restricted to 

eating single leaves or small clusters of leaves growing between 

the thorns. A, tortllis, which has tiny leaves set in between both 

hooked and straight thorns, was rarely eaten by tha kudus despite 

the high nutrient content of the foliage. The impalas also tended 

to have a lower acceptance for A. tortills than A. nllotlca which 

has larger leaves, although the foliage is slightly less rich in 

nutrients and contains more enzyme-inhibiting polyphenols than 

that of A. tortllis.

The hooked thorns of h. tortilis and A. burkei tended to catch 

on the lips and tongue of the feeding animal. The goats 

encountered additional problems when feeding on small A. burkei
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plants as their long floppy ears became painfully entangled in the 

large hooked thorns and it often took a considerable time for the 

goats to Erse themselves. The branches of Acacias also tend to be 

flexible, often when an animal pulled off a leaf the branch swayed 

pricking the face of the feeding animal and preventing it from 

resuming feeding until the branch was steady once more.

The spines of D. cinerea were less sharp and more widely 

spaced than the thorns on Acacia plants, but still effectively 

limited the animals to eating single leaves. Similarly the spines 

of Maytenus tenuispina limited the bite-size to one leaf cluster.

The evergreen C. bispinosa had bifurcated spines and a dense 

growth form which limited access by large browsers. This plant was 

browsed by impalas and goats in the late dry season but was not 

often eaten by the kudus. The protein rich leaves of Z. mucronata 

were protected by hooked stem thorns. As with other thorny species 

the impalas and goats ate mainly single leaves o£ tills species but 

the kudus ate the small lateral shoots of 2-3 inches in length 

regardless of the thorns.

The only common woody plant at Nylsvley with spiny leaves was 

£. pungens. The stiff evergreen leaves were angled towards the end 

of the shoot, each leaf terminating In a sharp spine. The Impalas 

ace single leaves but the kudus, and occasionally the goats, ate 

whole shoots, biting through the stem with the molars then turning 

the shoot delicately around In the mouth until the leaf spines 

pointed away from the throat. When subjected to heavy browsing
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pressure this species forms dense clumps of very short shoots. The 

'nudus were seen trying to £it these spiny masses of leaves into 

their mouths but usually gave up before obtaining any food. The 

impalas and goats could nibble leaves off the edge of these clumps 

but could not pull leaves £com the centre of the clump.

b. Forbs

Pew forbs bore structural defenses. The Asparagus species with 

their flexible stems, sharp hooks and small filamentous leaves 

were eaten by the impalas and goats which carefully nibbled the 

tiny leaves, but the kudus only ate these plants when the shoots 

were new and the thorns not yet hardened. Solanum species also 

have hooked stem thorns but the leaves are often large. The snail 

spines on the midrib of the underside of each leaf of Sj. 

panduraeforme d1 d not seen to effect the way the animals ate the 

plant but Solanum species were not favoured by the animals and are 

often reported to be toxic.

3. Experimental Removal of Thoms

a). Removal of Thorns Prom Trees in the Veld

Two months after the thorns were removed from branches of thorn 

trees in the veld, 80% of the thornless branches of nilotica 

and A. tortilla showed noticeably more browsing than was evident 

on the intact control branches. 60% of the thornless branches of
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Table 6v8 

Browsers o

Tree

Species

Average

Difference 

from Zero

. Visual Estimate of the increase ( % ) in Leaf toss to 

n Branches with the Thorns or Spines Removed, as 

Compared to paired Intact Branches

Acacia Acacia Acacia Acacia Dichrostachys 

nilotica tortilis tortilis burkei cinerea 

(- hooks) {+ hooks)

4.234* 1.984 0.00 

(Values of Chi Squared)

Significant at 95%
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A. burkei showed increased browsing pressure in relation to the 

thorny branches but only four of the ten unarmed branches of D. 

cinerea were browsed more heavily than the spiny controls (Table 

6 .8 .).

The increased browsing pressure on unarmed branches of _A. 

nilotica and A. burkei was significantly different from zero, but 

for A. tortilis the sample size was too small as four of the 

branches were incompletely dethorned, having the hooked spines 

loft on the branches and only the straight spines removed. The 

spines of D. cinerea were less effective in deterring large 

browsers than the sharp Acacia thorns, possibly because the leaves 

are larger than those of Acacias.

Interestingly of the four _A. tortilis branches which had only 

the straight thorns, but not the small hooked thorns removed, none 

were browsed more than the intact branches. It seems that these 

small hooked thorns, which catch on the lips and tongue of the 

feeding animal, are a particularly effective defence strategy.

b). Branches presented to Penned Goats

The intake rate achieved by the goats when feeding on A. tortilis 

increased significantly when the thorns were removed from the 

branches. This was due mainly to an increase in the feeding rate 

and to the greater quantity of food obtained per bite (Table

6.9.). A slight but non-significant increase was observed for the 

intake rate obtained from the other Acacia species once the thorns
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Table 6.9 . The Effect 

from Branches of Armed

Species

Acacia nilotica 

Acacia tortilis 

Acacia burkei 

Dichrostachys cinerea 

Stryehnos pungens

Species

Acacia nilotica 

Acacia tortilis 

Acacia burJcei 

Dichrostachys cinerea 

Strychnes pungens

Specirr

Acacia nilotica 

Acacia tortilis 

Acacia burkel 

Dichrostachys cinerea 

Stryehnos pungens

of the Removal of Thorns and Spines 

plants on the Feeding Behaviour of Goats. 

Intake Rate (gms / min)

Tliocr-. Thornless

Mean SE Mean SE n t

0.54 ± 0.06 0.87 ± 0.17 & 1.875

0.31 + 0.05 0.60 ± 0.09 6 3.700 **

2.61 + 0.29 3.10 + 0.33 6 1.270

2.53 + 0.15 2.56 ± 0.22 5 0.113

4.05 + 1.05 9.48 ± 2.00 5 2.407 *

Feeding Rate (bites / min)

Thorny Thornless

Mean SB Mean SE n t

22.1 t 4.79 28.9 .* 2,87 5 1.210

19.6 ± 4.27 31.5 t 2.25 6 2.469 *

24.5 + 4.14 31.4 + 2.07 6 1.491

32.6 i 2.17 34.8 ± 3.86 5 0.498

19.5 * 3.81 27.1 + 2.76 5 1.650

Bite Size (gms)

Thorny Thornless

Mean SE Mean SE n t

0.03 + 0.00 0.05 ? 0.00 5 0.416

0.01 + 0.00 0.02 + 0.01 6 0.100

0.11 + 0.00 0.10 + 0.01 6 0.149

0.10 + 0.01 0.13 + 0.01 5 0.302

0.16 + 0-02 0.33 ± 0.02 5 1.267

* Significant at 95% ** Significant at 99%



had been cut off. Removal of the spines on D. clnecea branches had 

no effect upon the intake rate of the goats.

The spines o£ D. cirierea ace less slurp than the Acacia thorns 

and are more widely spaced <ilong the branches (Fig 6.10.), so were 

a less effective feeding deterrent to the goats. The leaf size of 

D. cinerea was also siynificontly larger than that of A. nilotlca 

and A. tortilis. Both these species bear sharp straight thofns bat 

A. tortilis also has soall hooked thorns which catch the animals' 

lips. A. burkel has only large hooked thorns, although these 

caught the goats'lips and ear*>, t'ie larger leaf size enabled the 

animals to obtain a similar intake to tint Eroa D. cinerea.

The leaves of S. pungens have sharp terminal spines. Hie 

shoots were eaten by the goats and kudus but were often shifted 

around in the mouth as Chough causing discomfort. Whan these leaf 

spines were removed the intake rate achieved by the goats doubled, 

due mainly to an increased bite size.

The deterrent nffect of thorns and spines was further 

demonstrated by the goats, which soon learned to refuse the thorny

branches presented to them and to wait until undefended branches 

were offered.
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Table 6.10. The Distance (mm) Between the Thorns and Spines of 

Common Armed Woody plant Species

Species

Dichcostachys cinerea 

Acacia nilotica 

Acacia tortilis (Straight) 

Acacia tortilis (Hooked)

Distance

Mean SB n

55.3 + 1.7 117

37.1 + 1.1 93

30.6 + 1.4 61

22.3 + 0.9 62

Differences Between The Spacing of Thorns

Species t

Dichrostachys cinerea : Acacia nilotica 9.447***

Dichrostachys cinerea : Acacia tortilis (straight) 11.279***

Acacia nilotica : Acacia tortilis (straight) 3.658***

Acacia tortilis (Straight) : Acacia tortilis (Hooked) 4.929***

*** Significant at 99.9%
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The effect of plant structure on the feeding behaviour of large 

herbivores is slightly different for each animal species due to 

their differing body size and feeding technique. The kudus were 

the largest of the three animal species considered. When feeding 

on non-thorny browse plants kudus ate mainly shoots. The impalas 

were the most delicate feeders, usually selecting single leaves. 

The goats were intermediate in their feeding behaviour, about a 

third of the bites taken by goats consisted of shoots and the 

remainder of leaves. The impalas had a more rapid rate of biting 

than the kudus and goats. Consequently the overall rate of food 

intake by the impalas and goats was similar at approximately 3g 

dry weight/min, while that of the kudus was 6g/min. Tne intake 

rate of the impalas, and to a lesser degree the goats, was 

naturally related to the leaf size of the plant. The weight of 

individual leaves was of less importance in determining the Intake 

rate of the kudus as they eat mainly shoots.

The rate of feeding was negatively correlated to the bite size 

achieved when feeding on palatable woody plants. The bite size was 

particularly rapid when eating favoured food plants, most of which 

bear small leaves. Many of the favoured species are also armed. 

The presence of thorns and spines on the stems restricted the 

animals to eating single leaves or leaf clusters between the 

thorns. Although the rate of biting on these plants was high, this 

could not compensate for the low bite size achieved from the

6.4. DISCUSSION
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Acacias and other thorny species bearing ooall leaves. Wien 

feeding on such plants the intake rate of k,ie kudus was no greater 

than that of the impalas and goats.

In addition to limiting the bite size of the animal, the 

presence of thorns restricts fc.he rate of feeding by large 

herbivores. Removal of the thorns from A. tortilts branches 

allowed the goats to increase their biting rate significantly. 

This effect was less marked for other armed species with larger 

leaves. A. tortllis combines a very small leaf size with both 

sharp straight thorns and small hooked thorns which catch on the 

animals lips and tongue so slowing down the rate of feeding. This 

effect was also noted by Dunham (1980) in his study of the feeding 

behaviour of a single tame impala in Sengwa, Zimbabwe. The spines 

of D. cinerea did not significantly reduce the intake rate of the 

impalas and yoats because the leaves were fairly large, hence the 

bite sine was greater than from the Acacia species. The intake 

rate of the kudus was low relative to unacmed species because the 

spines pcevented the kudus from biting off whole shoots.

The spines on the leaves of ]3. punqens also reduced the rate 

of feeding by the animals, although the bite size was large since 

the kudus, and occassionally the goats, bite off shoots. These 

shoots must be carefully turned in the mouth until the sharf 

spines in the ends of the leaves face away from the throat before 

they can be swallowed, thus causing a delay in the rate of food 

intake.
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The leaves of Acacias and D. clnerea were rich in nutrients as 

were the small leaves of G. flavescens. Yet due to the low rate of 

intake achieved from armed plants, the rate of ingestion nutrients 

from these species is often less than that achieved from 

relatively less nutrient rich plants with larger leaves. But many 

of the large leaved plants are also rich in fibre and 

digestion-reducing substances such as condensed tannins. All the 

animals showed a preference for the species offering leaves of 

high nutrient content and low condensed tannin content 

irrespective of the low rate of tnqestion of these leaves. 

Browsers have a limited rumen capacity compared to that of 

grazers, hence must select their food for quality rather than 

quantity. Browsers are often termed as "concentrate selectors" 

(Hofmann & Stewart 1972).

Possibly unarmed plants with large leaves have a greater 

commitment to chemical defences than armed species. Certainly 

condensed tannins were prevalent in the larger leaved plants,but 

the total polyphenol content of the thorny _A. nllotica was higher 

than that of all other plants. Since the structural deterrents can 

be of little affect against insects and microbes, the leaves of 

such species must also contain some chemical defences. The .low 

acceptance o£ the animals for juvenile woody plants suggests they 

may be selecting against toxins. The juvenile growth form of many 

plants have a greater commi tment to defence than the adult stages.

Despite the low intake rate achieved from armed plants such as 

Acacia and Zigiphus species, these plants are



frequently the principal food o£ browsers (Knight 1965, Nge'the & 

Box 1976, Field & Ross 1976, Field 1978, Dunham 1980, Mavellie 

1983). In the Kruger National Park kudus were found to favour 

Acacia species in the wet season when food was abundant but to 

select the broad leaved species In the dry season (Novellie 1983}. 

The animals at Nylsvley also increased their acceptance of large 

leaved plants in the dry season, but this was because the thorn 

trees are deciduous, and the few leaves remaining on the branches 

in the dry season and these disintegrated when touched.

Kudus seem to be more effectively deterred by the presence of 

thorns and spines than the smaller herbivores for which the 

lowering of the rate of food intake due to the presence of thorns 

is comparatively less than for kudus, indeed the effectiveness of 

thorns was only noticeable in the intake rate of impalas and goats 

when the leaf size was very small. Acacia nlgrescens was a staple 

food of kudus in the Krugec National park, but they rarely ate the 

equally nutritious foliage of A. tortilis. The latter species has 

a much smaller leaf size and offers a very low rate of food 

intake. It was however well utilised by smaller browsers such as 

impala (Owen-Smith & Novellie 1983). Similarly at Nylsvley the 

Acacias, especially A. tortilis, were of lower acceptance to kudus 

than to the impalas and goats. Giraffe which are much larger 

animals than kudus eat A. tortilis, but employ a different feeding 

technique. The leaves are stripped off by the tongue instead of 

being bitten o££ (pellew 1980). Milton (1980) noticed that stem 

thorns did not deter monkeys from feeding on certain tree soecies, 

such defences, no doubt, causing little trouble to the nimble
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Some fforbs also bear thorns, Asparagus species were often 

nibbled by the impalas and goats which could not possibly have 

obtained much food from the tiny filamentous leaves which grow in 

the angle between the stem and sharp thorns. The kudus were never 

seen to eat Asparagus plants except when the branches were young 

and the thorns still soft. The nutrient Collage of Solanum 

species was also rarely eaten, but several members of this genera 

is known to contain toxic alkaloids in addition to Che structural 

defences.

Structural deterrents do not prevent feeding by large 

herbivores, but do reduce the rate of foliage loss to these 

animals by limiting the bite size achieved and possibly the rate 

of Seeding, h combination of sharp thorns and a snail leaf size 

was particularly effective in reducing the rate of foliage loss 

and severely reduced the food value of such plants, especially to 

the larger browsers such as kudus. Such structural defences 

however are not effective against insects and microbial pathogens, 

hence the leaves also require some chemical protection. Since 

thorns and spines are dead structures requiring little maintenance 

the occurrence of this form of double protection is feasible. 

Large leaved, unarmed plants would be expected to have a greater 

commitment to chemical defence than armed species which suffer 

reduced foliage loss to at least one category of enemy. The high 

palatability of armed species once the thorns are removed suggests 

that this is the case.

fingers of these animals.
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i. impalas were delicate feeders eating mainly leaves. The size 

of the leaves was a determinant of the rate of food intake 

achieved by these animals. The goats ate both leaves and 

shoots, while the kudus ate mainly shoots.

li. The rate of food intake achieved by the kudus was higher than 

that of the impalas and goats when feeding on unarmed plants, 

but when feeding on thorny plants there was little difference 

in the intake rate achieved by the three animal species. 

Hence the effects of thorns >nust be comparatively greater for 

the kudus than for the impalas and goats.

iii. The leaves of the thorny plants were rich in nutrients, but 

due to the low rate of food intake the rate of ingestion of 

nutrients from thorny plants was less than that achieved from 

less nutrient rich plants with larger leeves. Never the less 

the animals favoured the small leaved and thorny plants over 

many species of large leaved plants offering a higher rate of 

nutrient intake but also a much higher rate of intake of 

fibre and digestion-reducing compounds, i.e. the animals 

selected for plant quality rather than quantity.

lv. Thorns and spines did not dster feeding by large herbivores; 

indeed the leaves of many armed species are favoured by the 

animals. The possession of structural defences does however 

confer partial protection on the plant by limiting the bite

6.5. SUMMARY OF RESULTS
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size of the animals to single leaves, so minimising the cate 

of foliage loss to herbivores. The combination of sharp 

thorns and small leaves was particularly effective in 

minimising the bite siza o£ large herbivores.



7-1

THE CHEMICAL BASIS OF SPECIES SELECTION BY BROWSING UNGULATES

7.1. INTRODUCTION

Much of the early work on factors influencing diet selection by 

large herbivores focused on domestic livestock which, with the 

exception of goats, are primarily grazers. Studies indicated that 

ruminants selected plants for their nutritional content, favouring 

those species rich in protein and low in fibre (Beaumont et.al. 

1933, Irvines 1955, Cook 1959, Cowlishaw & Alder 1960, Thornton & 

Minson 1962, Arnold 1964, Burton et.al. 1964, Cangstad 1964, Heady 

1964, Fontenot et.al. 1965).

Several studies have Indicated that nutrient content is of 

importance in food selection of wild herbivores including 

lagomarphB (Miller 1968), primates (Struhsaker 1975, Casamir 1975, 

Olivers 1977, Hladick 1977, 1978, Nagy S Milton 1979) and 

riminants (Klein 1970, Belovsky 1978, Leader-Willia- et.al. 1981, 

Pellew 1982, Vangilder et.al. 1982). Yet other studies found that 

diet selection could not bo predicted for nutritional factors 

alone (Cowlishaw & Alder 1960, Bryant 6 Kuropat 1980, Sinclair 

et.al. 1984).

Browse plants, unlike grasses, often contain high levels of 

defensive chemicals. Freeland & Janzen (1974) proposed that plant

CHAPTER 7.
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species selection may be governed not by selection for nutrients, 

but by avoidance of plant secondary compounds deleterious to the 

Eitness of th, ’lerbivore. Animals have frequently been shown to 

select against those plants richest in secondary compounds 

(Longhurst et.al. 19(58, Radwan 1974, Levin 1976, Nagy et.al. 1977, 

Swain 1977, 1979, . «sn 1978, Bryant 1980, 1981, Bryant 6 Kuropat 

1980, Oates et.al. 1980, Pherson 1980).

Food selection however is most likely to be a complex process 

involving the selection of a balanced nutritional intake while at 

the same time avoiding the ingestion of delett-iious levels of 

secondary compounds (Fee .y 1970, Arnold & Rill 1972, Radwan & 

Crouch 1974, Slansky & Feeny 1977, Milton 1979, White & Trudell 

1980, Kuropat & Bryant ,198a, Glander 1981).

This selection process is constrained by the sensory 

capabilities of the herbivore. Arnold & Hill (1972) demonstrated 

that smell and tapte weie the most important senses in food 

selection, but sight and touch were also included.

The theory of "Nutritional wisdom" proposes that animals eat 

what is good for them since the sensory responses of the animal 

have been developed to give it adequate nutrition (Harbome 1972). 

Yet. it is unlikely that the animal will have an integrated 

response to complex compounds such as protein (Arnold & Dudzinski 

1978). Little is known about the sensory capabilities of 

herbivores to detect compounds in their food. Phosphorus deficient 

cattle made no attempt to rectify their deficiency when given a
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dicalcium phosphate lick (Cooper et.al. 1976). This suggests an 

inability to detect phosphorus. Yet sheep, elephants {Weir 1972) 

and reindeer (Staaland & Jacobsen 1980) will actively seek out 

sodium, presumably by its "salty" taste.

Animals generally prefer sweet flavours and are deterred by 

bittern'.ss (Bate-Smith 1973) and astringency (Swain 1977). Many 

toxins are bitter, while astringency is a property of tannins. A 

natural aversion to bitterness rould have been acquired by natural 

selection (Garcia s Hawkins 1974), but some nutritious and well 

utilised plant® such as BittP-rbush, Purshia tridentata, taste 

bitter to humans (Laycock 1978).

Few large herbivores are specialist feeders, but take a 

generalised diet including small quantities of a wide vaciety of 

plants. This generalised diet is thought to be an adaptation to 

the diversity of toxins in browss plants, by reducing the 

probability of the animal eating any one toxin in deleterious 

quantities (Freeland & Janzen 1974).

The detoxification of poisons is mainly due to the oxidisation 

of these substances by mixed function oxidase enzymes. These 

enzymes are common to most forms of life and are readily 

inducible ^Bcattsen 1979). It has been suggested that the 

microflora of ruminants have an important role in det !.£ying 

plant secondary chemicals and even that the rapid radiation of 

ruminants after the rise of the angiosparms in the paleocene is a
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result of predigestive detoxification by the rumenflcra rendering 

potentially toxic compounds less harmful to the herbivore {Swain 

1977, Foose & Lloyd 1974).

The possession of appropriate detoxification mechanisms may be 

a function of exposure. Thus grazers may ba less well adapted to 

cop-, with the secondary chemicals present in browse. There are 

many records of browsers eating significant quantities of plants 

toxic to stock (Brynard & Pienaar i960, Massay 1967, Goddard 

1970).

In a similar manner it may be expected that alien herbivores 

may be more sensitive to the secondary chemicals in the plants 

than animals which have co-evolved with the vegetation.

7.2. METHODS

The acceptance o£ plant species by kudus, impalaa and goats (see 

Chapter 5) was statistically compared with the concentrations o£:-

i. Macronutrlsnts - nitrogen, phosphorus, potassium, calciun, 

magnesium and sodium, and moisture contents,

ii. Fibre - neutral deterent Eibre, neutral detergent fibre minus 

acid deterent fibre, acid determent fibre and its components acid 

detergent lignin and acid detergent fibre minus acid detergent 

lignin.

Hi. Digestion-reducing can pounds - enzyme-inhibiting polyphenols, 

condensed tannins and ether-extractable materials.
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Digestion-reducing compounds act in a dosage dependent manner. 

Toxic secondary compounds act in a qualitative way and are present 

in minute quantities, therefore only the presence or absence of 

alkaloids, cyanogsnic glycosides, mono- and sesqui- terpenes and 

saponins was measured.

Analysis of soluble carbohydrates is both costly and time 

consuming. Concentrations within plant leaves vary greatly with 

photosynthetic rate (Mooney 1972) and it is unlikely that the 

animals can have an Integrated response to "soluble carbohydrates" 

since sweetness is dependent upon molecular structure (Arnold & 

Hill 1972). Hence no analysis of soluble carbohydrates was done.

Neither were the plants analysed for trace elements. 

Facilitie.5 for analysis were not readily available and since there 

is doubt as to whether animals can detect macronutrierits It is 

unlikely that concentrations of trace elements in the leaves can 

be detected by the herbivores.

The data were initially examined using techniques of 

regression. If a chemical factor influences food choice by 

herbivores, there should be a positive correlation between a 

measure of its concentration and a measure of food preference. 

Conversely if a factor causes avoidance of the plant species by 

herbivores then the correlation between its concentration and the 

preference of the animal should be negative.
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Linear regressions were performed to test whether the 

correlations obtained were significantly different from chance. 

Regression analysis is very sensitive to extreme values, in the 

presence of extreme values a swarm o£ data points near the 

intercept tends to be treated as a single point (Peters 1983). 

Hence extreme values should be removed from the regression. The 

data often appeared to fail into groups rather than fitting a 

linear regression. Differences between these groups were compared 

by the randomisation test (Seigel 1956). This is a powerful test 

of location but can only be u?e<3 when swiple sizes are small and 

confidence can be placed in the numerical nature of the 

measurements obtained (Seigel 1956).

The chemical data were tested Eor skewness and kurtosis by the 

SAS statistical package (Means Procedure). Since the data proved 

to be of fairly no nun 1 distribution they were not transformed.
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7.3. RESULTS 

1. Nutrients 

A, Woody Plants 

a. Nitrogen

i. Kudus

There was no significant correlation between the acceptance of 

woody plants by the kudus, and the nitrogen content of the leaves, 

except in the early growing season when a significant positive 

correlation was evident (Fig 7.I.I.).

This correlation was spoilt in the late growing and early dry 

seasons by the high acceptance of V. rehmannil, which is of fairly 

low nitrogen content, ttowever, on average the preferred plant 

species in these two seasons were of significantly higher nitrogen 

content Chan the less preferred species (Table 7.1.). in the late 

dry season there was an increase in the acceptance of most plant 

species retaining some leaves, including those species of low 

nitrogen content such as c. molle, T. sericea and the evergreens.

ii. Impalas

The acceptance of woody plants by impalas tfas not significantly
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